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A b s t r a c t  o f  t h e s i s  e n t i t l e d
" The m a g n e t i c  p r o p e r t i e s  o f  cadmium compounds**.
S u b m it ted  by W .R .A .H o l len s ,  B .S c .  
f o r  th e  d e g re e  o f  D o c to r  o f  P h i l o s o p h y .
The i n v e s t i g a t i o n  was c a r r i e d  o u t  w i th  the  o b j e c t  
o f  p r o v i d i n g  d a t a  from which th e  a to m ic  s u s c e p t i b i l i t y  o f  
cadmium co u ld  be c a l c u l a t e d .
The p r e p a r a t i o n  o f  t h i r t y  cadmium compounds h a s  
b een  d e s c r i b e d .  Two compounds,  cadmium b o r o f l u o r i d e  
Gd(BF ) .7H 0 , and cadmium m a lo n a te  GdC HgO .H 0 , 
h i t h e r t o  u n d e s c r i b e d  have b een  o b t a i n e d  and t h ô i r  
s u s c e p t i b i l i t i e s  m e a su re d .  F o r  th e  g r e a t e r  number o f  
a n a l y s e s ,  an e l e c t r o l y t i c  method h a s  b ee n  u s e d ,  the  e x a c t  
c o n d i t i o n s  f o r  which  have  b een  e s t a b l i s h e d .
M ag n e t ic  s u s c e p t i b i l i t y  m easu rem en ts  o f  a l l  the  
compounds have  been  made by th e  Gouy m e th o d ,  th e  a p p a r a t u s  
d e s c r i b e d  by Sugden h a v in g  been  f u r t h e r  m o d i f i e d .
The cadmous compounds and s u b -  compounds o f  cadmium 
have been  d e f i n i t e l y  p ro v ed  to  be n o n -  e x i s t e n t ,  b u t  to  
c o n s i s t  o f  m i x t u r e s  o f  cadmium and th e  c o r r e s p o n d in g  cadraic 
compound. T h is  p r o o f  h a s  b een  e s t a b l i s h e d  by ch em ica l  
means and s u s c e p t i b i l i t y  m easurem ent  i n  th e  ca se  o f  cadmium 
s u b -  c h l o r i d e ,  and by ch e m ic a l  means i n  th e  c a s e s  o f  
cadmous h y d r o x id e  and o x i d e .
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INTRODUCTION.
U n t i l  the  work o f  O e r s t e d ,  m agnet ism  and e l e c t r i c i t y  
were c o n s i d e r e d  a s  two e n t i r e l y  d i f f e r e n t  phenomena. The 
s c i e n c e  o f  m agnet ism  h a s  d e v e lo p e d  from the  o b s e r v a t i o n ,  
many c e n t u r i e s  a g o ,  t h a t  l o d e s t o n e  a t t r a c t e d  i r o n .  I t  h a s  
grown s t e a d i l y  and p r o g r e s s e d  u n t i l  i t  was d i s c o v e r e d  by
T
Bruygmans i n  1778 t h a t  b i s m u th  was r e p e l l e d  by a magnet
w hereas  up t i l l  t h i s  t im e m e t a l s  o f  th e  i r o n  g roup  were
c o n s i d e r e d  to be the  o n ly  ones  p o s s e s s i n g  m a g n e t i c  p r o p e r t i e s .
2
I n  1845 ,  F a ra d a y  showed t h a t  a s u f f i c i e n t l y  s t r o n g  
m a g n e t i c  f i e l d  had an a c t i o n  on p r a c t i c a l l y  a l l  s u b s t a n c e s .  
They cou ld  be d i v i d e d  i n t o  two c l a s s e s  a c c o r d i n g  to  the  
p o s i t i o n  which  th e y  took  up when suspended  in  a m a g n e t i c  
f i e l d .
1 .  P a r a m a g n e t i c s  -  t h o s e  which te n d e d  to s e t  w i th  t h e i r  axes
p a r a l l e l  to th e  f i e l d .
2 .  D ia m a g n e t i c s  -  th o s e  which  s e t  w i t h  t h e i r  ax e s  a t  r i g h t
a n g l e s  to  the  f i e l d .
T h is  d i v i s i o n  h a s  s i n c e  been  m o d i f i e d  a c c o r d i n g  to the  
manner  in  which  the  s u b s t a n c e s  a f f e c t  the  l i n e s  o f  f o r c e  o f  
the  m a g n e t i c  f i e l d .
I .  a )  L in e s  o f  f o r c e  c o n c e n t r a t e d  by the  m a t e r i a l  to  a l a r g e  
e x t e n t  -  f e r r o m a g n e t i c s ,  
b )  L in e s  o f  f o r c e  c o n c e n t r a t e d  to  a v e r y  s m a l l  e x t e n t  -
p a r a m a g n e t i c s .
2 ,  L in e s  o f  f o r c e  s l i g h t l y  d i s p e r s e d  by the  m a t e r i a l  -
d i a m a g n e t i c s .
The f u n d a m e n ta l  c h a r a c t e r i s t i c s  o f  d i a -  and p a r a -  
m agnet ism  were e s t a b l i s h e d  e x p e r i m e n t a l l y  by P .O u r ie  I 
Meanwhile the  s tu d y  i f  e l e c t r i c a l  phenomena had  p r o g r e s s e d  
from f r i c t i o n a l  e l e c t r i c i t y  to  c u r r e n t  e l e c t r i c i t y ,  and i n  
I 8 I 9  m agnet ism  and e l e c t r i c i t y  were l i n k e d  by the  d i s c o v e r y  
o f  O e r s t e d  t h a t  a compass n e e d le  was d e f l e c t e d  when p l a c e d  
p a r a l l e l  to  a w ire  c a r r y i n g  an  e l e c t r i c  c u r r e n t .  The work 
o f  Ampere and O e r s t e d  h as  l e d  to  th e  c o n c l u s i o n  t h a t  an 
e l e c t r i c  c u r r e n t  i s  s u r ro u n d e d  by l i n e s  o f  m a g n e t i c  f o r c e ,  
and e v e ry  c l o s e d  e l e c t r i c  c i r c u i t  i s  e q u i v a l e n t  to a magnet 
o f  d e f i n i t e  moment.
The modern t h e o r y  o f  the  atom w i t h  i t s  e l e c t r i c  
c h a rg e s  moving r a p i d l y  in  c l o s e d  o r b i t s  makes c l e a r  the  
o r i g i n  o f  th e  m a g n e t i c  p r o p e r t i e s  o f  m a t t e r .  The f o u n d a t i o n  
o f  the  modern e l e c t r o n i c  t h e o r y  o f  m agnet ism  was e s t a b l i s h e d  
by Langevin"^ in  1905; he r e g a r d e d  th e  e f f e c t s  a s  due to 
r o t a t i n g  e l e c t r o n s .  E v ery  e l e c t r o n i c  o r b i t  must have a 
m a g n e t i c  moment, b u t  by a  s u i t a b l e  a r r a n g e m e n t ,  t h e s e  may 
n e u t r a l i s e  one a n o t h e r ,  g iv e  a d i a m a g n e t i c  e f f e c t  and a
r e s u l t a n t  moment o f  z e r o .  I t  can be shown t h a t  the  e s t a b l i s h ­
ment o f  an e x t e r n a l  f i e l d  w i l l  so m od ify  the  o r b i t s  a s  to 
p ro d u ce  a d i a m a g n e t i c  e f f e c t .  T h is  i s  common to a l l  m a t t e r ,  
w h e th e r  p a r a m a g n e t i c  o r  n o t ,  b u t  i f  th e  o r b i t a l  moments
do n o t  n e u t r a l i s e ,  the  atom i s  p a r a m a g n e t i c  and the  p a r a ­
m agnet ism  w i l l  c o m p le t e ly  mask th e  d i a m a g n e t i c  e f f e c t .  
Pa ram agne t ism  i s  o n ly  found  among th o s e  e l e m e n t s  which  
c o n t a i n  in c o m p le te  e l e c t r o n i c  g r o u p s ;  th o s e  w i t h  c l o s e d  
c o n f i g u r a t i o n s ,  t h a t  i s  com ple ted  e l e c t r o n i c  o r b i t s ,  b a l a n c e  
m a g n e t i c a l l y  and a r e  d i a m a g n e t i c .
A knowledge o f  the  m a g n e t i c  p r o p e r t i e s  o f  e l e m e n t s ,  
compounds and m i x t u r e s  h a s ,  in  many c a s e s ,  l e d  to  i n t e r e s t i n g  
r e s u l t s  r e g a r d i n g  the  s t r u c t u r e  o f  th e  atom and m o le c u l e .
The f o l l o w i n g  exam ples  w i l l  i l l u s t r a t e  some o f  the  u s e s  o f  
s u s c e p t i b i l i t y  m e asu rem en ts .
1 .  As an i n d i c a t i o n  o f  compound f o r m a t i o n  i n  th e
s tu d y  o f  a l l o y s  -  Pb^Aug was shown to e x i s t  by S p en ce r  and
John from th e  m easurement of- th e  m a g n e t i c  s u s c e p t i b i l i t y
0
o f  l e a d - g o l d  a l l o y s ,  and co n f i rm e d  by von Maey from  a s t u d y  
o f  s p e c i f i c  volume c u r v e s .
I n  the  ca se  o f  th e  a lu m in iu m -  t i n  a l l o y s  s t u d i e d  by the  
f o rm e r  w o r k e r s ,  an  i n t e r e s t i n g  f a c t  i s  b r o u g h t  to l i g h t  
by th e  i n v e s t i g a t i o n  o f  m a g n e t i c  s u s c e p t i b i l i t y .  A l though  
th e  component e l e m e n t s  a r e  p a r a m a g n e t i c ,  th e  whole o f  the  
a l l o y s  examined were found  to be d i a m a g n e t i c ,  and the  two 
a l l o y s  c o n t a i n i n g  10/2 and 97^  o f  t i n  r e s p e c t i v e l y  had no 
m a g n e t i c  s u s c e p t i b i l i t y .
2 .  The v a l u e s  o f  th e  mean s q u a re  r a d i u s  o f  the  
e l e c t r o n i c  o r b i t s  o f  an atom deduced  from a to m ic  s u s c e p t i b i l i t y
m easurem en ts  have been  found  to be o f  theosame o r d e r  o f  
m agn i tude  a s  th o s e  o b t a i n e d  from o t h e r  e v i d e n c e .  The 
ag ree m en t  i s  n o t  p r e c i s e  s i n c e  many a s s u m p t io n s  have to be 
made i n c l u d i n g  random o r i e n t a t i o n  o f  th e  e l e c t r o n s ,  w hereas  
the  Zeeman e f f e c t  o b s e r v a t i o n s  s u g g e s t  t h a t  i n  the  ca se  o f  
i n e r t  g a s  a to m s ,  i n  coipion w i t h  a l l  c l o s e d  c o n f i g u r a t i o n s ,  
th e y  o r i e n t  th e m s e lv e s  i n  one d e f i n i t e  d i r e c t i o n  w i th  
r e s p e c t  to  th e  f i e l d .  The r e s u l t s  deduced  from X -ra y  
m easurem en ts  o f  c r y s t a l  s t r u c t u r e  by B ra g g ,  and from th e  
mean c o l l i s i o n  a r e a  c a l c u l a t e d  f rom v i s c o s i t y  o f  g a s e s  by 
R a n k in e ,  may be compared w i t h  th o s e  f rom  a to m ic  s u s c e p t i b i l i t y  
and found  to  be i n  f a i r  a g r e e m e n t .  F u r t h e r  r e f i n e m e n t s  i n  
c a l c u l a t i o n  may b r i n g  th e  r e s u l t s  i n t o  c l o s e r  a g r e e m e n t ,  
and e l u c i d a t e  th e  q u e s t i o n  o f  o r i e n t a t i o n .
3.  Atoms w i t h  c l o s e d  c o n f i g u r a t i o n s  -  com ple ted  
e l e c t r o n  o r b i t s  -  a r e  d i a m a g n e t i c  and c o n s e q u e n t ly  have no 
r e s u l t a n t  m a g n e t i c  moment, b u t  th o s e  w i t h  in c o m p le te  o r b i t s  
have  a moment which  may be c a l c u l a t e d  from the  a to m ic  
s u s c e p t i b i l i t y .  Hence s u s c e p t i b i l i t y  m easurem en ts  a r e  o f  
v a l u e  i n  d e t e r m i n a t i o n  o f  th e  m a g n e t i c  moment o f  an a tom , 
and from t h i s ,  a  knowledge o f  th e  s t r u c t u r e  o f  the  e l e c t r o n  
o r b i t s  may be d ed u c ed .
4. I n  th e  ca se  o f  complex i o n s ,  Welo and Baudisch*^ 
have found  t h a t  m agnet ism  i s  c l o s e l y  l i n k e d  w i t h  e f f e c t i v e  
a to m ic  number.  When th e  E .A .N .  h a s  th e  same v a l u e  a s  f o r
an i n e r t  g a g ,  th e n  th e  complex i s  d i a m a g n e t i c ,  w h i le  i f  
i t  d i f f e r s  by a  c e r t a i n  number o f  u n i t s ,  then  the  complex 
i s  p a r a m a g n e t i c  and h a s  a m a g n e t i c  moment o f  th e  same 
number o f  Bohr m a g n e to n s .  Much work s t i l l  r e m a in s  to  be 
c a r r i e d  o u t  i n  t h i s  s p h e re  and r e s u l t s  so f a r  i n d i c a t e  t h a t  
f u t u r e  i n v e s t i g a t i o n  w i l l  be r e p a i d  by g i v i n g  a  knowledge 
o f  th e  c o n s t i t u t i o n  o f  many complex m o l e c u l e s .  At p r e s e n t ,  
the  r e l a t i o n  be tw een  E .A .N. and m a g n e t i c  moment b r e a k s  down 
i n  a number o f  c a s e s ,  b u t  f u r t h e r  work may p o s s i b l y  b r i n g  
the  e x c e p t i o n s  i n t o  l i n e .  The s tu d y  o f  m a g n e t i c  p r o p e r t i e s  
l e n d s  i t s e l f  to  t h i s  p rob lem  b e t t e r  th a n  o t h e r  i n v e s t i g a t i o n s ,  
e s p e c i a l l y  s p e c t r o s c o p i c  m e th o d s ,  s i n c e  the  fo rm e r  i s  
a p p l i c a b l e  to  n o n -  v o l a t i l e  s u b s t a n c e s  in  the  d i s s o l v e d  and 
s o l i d  s t a t e s .
I n  view o f  what h a s  been  s a i d  a b o v e ,  i t  was th o u g h t  
d e s i r a b l e  to  make an i n v e s t i g a t i o n  o f  th e  m a g n e t i c  
s u s c e p t i b i l i t y  o f  a  l a r g e  number o f  compounds o f  cadmium 
w i th  the  o b j e c t  o f  p r o v i d i n g  d a t a  which  would be u s e f u l  i n  
e s t a b l i s h i n g  th e  a to m ic  s u s c e p t i b i l i t y  o f  the  m e t a l ,  and 
i n  e l u c i d a t i n g  the  s t r u c t u r e  o f  cadmium compounds.
PREPARATION, PURIFICATION & AN/iLYSIS OF SUBSTANCES.
P r e p a r a t i o n  o f  Pure  Cadmium.
Pure m e t a l l i c  cadmium was o b t a i n e d  from Kahlbaum, 
m e l t e d  i n  a g r a p h i t e  c r u c i b l e ,  and the  m o l ten  m e ta l  po u red  
i n t o  P l a s t e r  o f  P a r i s  m ou lds .  C y l i n d r i c a l  s t i c k s  o f  m e ta l
0 . 4  cm. by a b o u t  10 cms. were th u s  o b t a i n e d .  These were c u t  
o f f  so t h a t  th e y  e x a c t l y  f i t t e d  the  s u s c e p t i b i l i t y  tube  , 
and o c c u p ie d  a s  c o m p le t e ly  a s  p o s s i b l e  th e  volume o f  the  
tube  u s e d  f o r  a l l  the  m e a su re m e n ts ,  namely I . 416 c c s .  The 
m e ta l  s t i c k s  were then  washed w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  
to f r e e  them from t r a c e s  o f  i r o n ,  th e n  w i t h  d i s t i l l e d  w a t e r  
and f i n a l l y  w i t h  a l c o h o l ,  a f t e r  which  th e y  were d r i e d  a t  
120^ G.
A n a l y s i s ,
F o r  the  g r e a t e r  number o f  a n a l y s e s  o f  cadmium compounds 
in  t h i s  s e r i e s ,  an e l e c t r l y t i c  method was u s e d .  The method
Q
o f  A , F i s c h e r  was found  to  be most s a t i s f a c t o r y .  T h is  
c o n s i s t s  in  e l e c t r o l y s i n g  a  s o l u t i o n  o f  cadmium s u l p h a t e ,  
c o n t a i n i n g  n o t  more th a n  O . I  grm. o f  cadmium i n  50 c c s .  o f  
s o l u t i o n ,  be tw een  p l a t i n u m  e l e c t r o d e s .  I n  o r d e r  to make the  
e l e c t r o l y s i s  a s  speedy  a s  p o s s i b l e , a  r o t a t i n g  ca th o d e  
making 600 r e v o l u t i o n s  p e r  m i n u t e ,  was u s e d ,  and t h i s  was 
s u r ro u n d e d  by a p la t i n u m  s p i r a l  which j u s t  f i t s  i n s i d e  a 









About 0 . 5  grra. o f  cadmium, c u t  f rom the  s t i c k  o f  
m e t a l ,  was d i s s o l v e d  in  the  l e a s t  p o s s i b l e  q u a n t i t y  o f  
d i l u t e  n i t r i c  a c i d  and a l i t t l e  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
a d d e d ,  th e n  th e  s o l u t i o n  e v a p o r a t e d  i n  a p l a t i n u m  c r u c i b l e  
u n t i l  no more o x id e s  o f  n i t r o g e n  were e v o l v e d .  The r e s i d u e  
was c o o l e d ,  d i s s o l v e d  i n  d i s t i l l e d  w a t e r  and th e  s o l u t i o n  
n e a r l y  n e u t r a l i s e d  w i t h  sodium h y d r o x id e  s o l u t i o n  and made 
up to  250 C C S .
50 c c .  p o r t i o n s  o f  the  s o l u t i o n  were m easured  i n t o  
a s m a l l  b e a k e r  i n  which  the  e l e c t r o d e s  f i t t e d .  The e l e c t r o d e s  
were c a r e f u l l y  washed w i t h  d i l u t e  n i t r i c  a c i d ,  d i s t i l l e d  
w a te r  and a l c o h o l ,  and d r i e d  a t  lOo"" G. The ca th o d e  was 
w eighed .  The e l e c t r o d e s  were c o n n e c te d  a s  shown i n  Diagram 2 
th ro u g h  a r h e o s t a t  R to ^4 B d iso n  c e l l s ,  B> a  v o l t m e t e r ,  V, 
and an ammeter A, b e i n g  i n c l u d e d  i n  th e  c i r c u i t  a s  shown.
The s o l u t i o n  was e l e c t r o l y s e d  by a c u r r e n t  o f  1 . 4  to 1 . 6  amps, 
w i th  a p o t e n t i a l  d i f f e r e n c e  be tw een  th e  e l e c t r o d e s  o f  4 .5  to  
4 .8  v o l t s .
A f t e r  th e  c u r r e n t  had  p a s s e d  f o r  15 m i n u t e s ,  15 d ro p s  
o f  s u l p h u r i c  a c i d  ( 1 : 4  ) were a d d e d ,  and a q u a n t i t y  o f  
sodium h y d r o x id e  e q u i v a l e n t  to the  cadmium o r i g i n a l l y  i n  
the  s o l u t i o n .  The e l e c t r o l y s i s  was com ple te  i n  a b o u t  45 
m i n u t e s .  At t h i s  p o i n t ,  the  a b s en ce  o f  cadmium in  th e  s o l u t i o n  
was a s c e r t a i n e d  by a d d in g  h yd rogen  s u l p h i d e  to  a few d ro p s  o f  
th e  s o l u t i o n  which  had been  n e a r l y  n e u t r a l i s e d  w i th  ammonium
8hydrox ide .
The s o l u t i o n  i n  the  b e a k e r  was then  removed and 
r e p l a c e d  by d i s t i l l e d  w a t e r ;  the  ca th o d e  was t h o r o u g h ly  
washed by r o t a t i o n  i n  the  d i s t i l l e d  w a t e r .  The e l e c t r o d e s  
were th e n  r i n s e d  c a r e f u l l y  i n  a l c o h o l  and d r i e d  a t  100^G.
A good c o h e r e n t  d e p o s i t  o f  m e t a l  was o b t a i n e d  p r o v id e d  t h a t  
th e  cadmium p r e s e n t  i n  the  s o l u t i o n  d i d  n o t  much ex ceed  O . I  g .  
i n  50 ccg .  The c a th o d e  was weighed a f t e r  c o o l i n g  and from 
the  w e ig h t  o f  m e t a l  o b t a i n e d ,  th e  p e r c e n t a g e  o f  cadmium i n  
the  m e t a l  s t i c k s  was c a l c u l a t e d .  The a n a l y s i s  was r e p e a t e d  and 
th e  a v e ra g e  r e s u l t  t a k e n .
Weight o f  m e t a l  s t i c k  ta k en  -  0 .5 6 0 0  &rm.
S u c c e s s iv e  q u a n t i t i e s  o f  50 c c s .  gave d e p o s i t s  
 ^ w e ig h in g  0 . I I 2 I ,  0 . I I I 9 ,  0 . I I 2 0  grm. o f  Gd r e s p e c t i v e l y ,  
% o f  cadmium = 1 0 0 .0 1 % ,  99 .88/? ,  1 0 0 .0 0 ^
which  i n d i c a t e s  t h a t  the  m e t a l  was p u r e .
P r e p a r a t i o n  o f  cadmic h y d ro x id e  Gd(0H)g
The method o f  P .S t ro h m e y e r^  was u s e d .  T h is  c o n s i s t s  
in  ad d in g  a  s o l u t i o n  o f  sodium h y d r o x id e  ( 98^ p u r e )  to  a 
s o l u t i o n  o f  cadmium s u l p h a t e .  The w h i te  p r e c i p i t a t e  was 
washed r e p e a t e d l y  w i t h  d i s t i l l e d  w a t e r ,  and d r i e d  in  a 
d e s i c c a t o r  o v e r  f l a k e d  sodium h y d r o x id e  to  p r e v e n t  the  
a b s o r p t i o n  o f  c a rb o n  d i o x i d e  from th e  a i r  a s  f a r  a s  p o s s i b l e .  
A n a ly s i s  o f  t h i s  h y d ro x id e  by th e  e l e c t r o l y t i c  method j u s t  
d e s c r i b e d  gave ab o u t  10% o f  cadmium i n s t e a d  o f  7 6 .7 6 ^ ,  th e
d i s c r e p a n c y  b e in g  due bo b a s i c  s u l p h a t e ,
A specim en was p r e p a r e d  u s i n g  a s o l u t i o n  o f  cadmium 
c h l o r i d e  and p r e c i p i t a t i n g  th e  h y d r o x id e  by means o f  a l c o h o l i c  
p o t a s s iu m  h y d r o x i d e .  A n a ly s i s  a g a in  gave a b o u t  70^  o f  
cadmium, b a s i c  c h l o r i d e  t o g e t h e r  w i th  some cadmium c a r b o n a te  
b e i n g  th e  i m p u r i t i e s .
A t h i r d  specimen was p r e p a r e d  by ad d in g  sodium 
h y d ro x id e  s o l u t i o n  to  p u re  cadmium n i t r a t e  GdfNOsïg.éHgO 
s o l u t i o n .  The p r e c i p i t a t e  was washed f r e e  f rom n i t r a t e  and 
d r i e d  o v e r  s o l i d  sodium h y d r o x id e  i n  a d e s i c c a t o r .
A n a l y s i s .
A weighed q u a n t i t y  o f  the  h y d r o x id e  was d i s s o l v e d  
i n  the  l e a s t  volume o f  d i l u t e  s u l p h u r i c  a c i d ,  and th e  s o l u t i o n  
made up to  250 c c s .  50 c c .  p o r t i o n s  were e l e c t r o l y s e d  a s  
d e s c r i b e d  p r e v i o u s l y .
A, Weight o f  h y d r o x id e  -  0 ,7 6 3 0  grm.
1. Weight o f  cadmium d e p o s i t e d  % 0 .1 1 4 0  ” Gd « 7 4 .7 1 ^
2 .  " •' " ’• -  0 . I I 4 2  " ca s  7 4 .8 5 ^
B. Weight o f  h y d ro x id e  z  0 ,6 0 3 4  ”
1 .  Weight o f  cadmium d e p o s i t e d  s  0 .0 9 0 4  ** Gd z  7 4 .9 2 ^
2 .  " " " ” s  0 ,0 9 0 3  " Gd i  7 4 .8 4 ^
Gd(0H)g r e q u i r e s  Gd s 7 6 ,7 6 %
The I m p u r i ty  i n  the  specimen p r e p a r e d  was due to  cadmium 
c a r b o n a te  formed by a b s o r p t i o n  o f  ca rb o n  d i o x i d e  from the  
a i r  d u r i n g  p r e p a r a t i o n  d e s p i t e  the  p r e c a u t i o n s  t a k e n .
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P r e p a r a t i o n  o f  cadmous h y d r o x i d e .
Cadmium s u b - c h l o r i d e ,  p r e p a r e d  a s  d e s c r i b e d  on page 23 
was .ground to a f i n e  powder th e n  washed on a s i n t e r e d  g l a s s  
f i l t e r  w i t h  c o ld  d i s t i l l e d  w a t e r .  The s u b s t a n c e  was 
p r o t e c t e d  from c o n t a m i n a t i o n  by d u s t  p a r t i c l e s  by f i t t i n g  
a s t o p p e r  c a r r y i n g  a tube  packed  w i t h  c o t t o n  wool i n  th e  top  
o f  the  f i l t e r  f u n n e l .  Washing was c o n t in u e d  f o r  some 
c o n s i d e r a b l e  t ime u n t i l  the  f i l t r a t e  was f r e e  from any t r a c e  
o f  c h l o r i d e .  The m a t e r i a l  a p p e a r e d  to be h e t e r o g e n e o u s ,  
c o n s i s t i n g  o f  a g r e y  c r y s t a l l i n e  m e t a l l i c  lo w e r  l a y e r  and a 
v /hite  powder .  I t  was d r i e d  o v e r  p h o sp h o ru s  p e n t o x id e  i n  a 
vacuum d e s i c c a t o r ,  and th e n  f i n e l y  powdered in  a m o r t a r .
D ur ing  th e  r u b b in g  i n  the  m o r t a r ,  m e t a l l i c  s t r e a k s  a p p e a r e d .
The s u b s t a n c e  was v e r y  s l i g h t l y  s o l u b l e  i n  d i l u t e  h y d r o c h l o r i c  
and d i l u t e  s u l p h u r i c  a c i d s ,  b u t  d i s s o l v e d  r a p i d l y  i n  d i l u t e  
n i t r i c  a c i d  g i v i n g  o x id e s  o f  n i t r o g e n .
A n a l y s i s .
A weighed q u a n t i t y  o f  the  s u b s t a n c e  was d i s s o l v e d  i n  
the  l e a s t  volume o f  d i l u t e  n i t r i c  a c i d ,  and the  s o l u t i o n  p a r t l y  
e v a p o r a t e d  i n  a f i labinum c r u c i b l e .  A l i t t l e  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  was a d d e d ,  and the  m ix t u r e  e v a p o r a t e d  to  
d r y n e s s .  The cadmium s u l p h a t e  was d i s s o l v e d  i n  d i s t i l l e d  
w a te r  and th e  s o l u t i o n  made up to  250 c c s , ;  50 c c .  p o r t i o n s  
were e l e c t r o l y s e d .
I I
A nalysis  o f cadmous hydroxide (co n tin u ed )
A. Weight o f  h y d ro x id e  -  0 .4 9 7 8  grm s.
1.  Weight o f  cadmium d e p o s i t e d  -  0 ,0 8 8 8  ” Gd r  8 9 .1 3 ^
2 ,  " " ” " r  0 .0 8 9 0  ” Gd ,  8 9 .3 9 ^
5. " " " ” r  0 .0 8 8 9  ” Gd s  8 9 .2 0 ^
B. Weight o f  h y d ro x id e  s  0 .4 7 7 6  "
1 .  Weight o f  cadmium d e p o s i t e d  ^ 0 .0 8 4 0  ” Gd % 8 8 .0 0 ^
2 .  " ti ft "  5  0 .0 8 4 2  " Gd s  8 8 .1 6 ^
GdOH r e q u i r e s  Gd -  8 6 . 8 0 ^
P r e p a r a t i o n  o f  cadmous o x i d e .
Gadmous h y d r o x id e  was h e a t e d  i n  a tube  which  was 
e n c l o s e d  i n  an o u t e r  j a c k e t  immersed i n  a b a t h  o f  c o n c e n t r a t e d  
s u l p h u r i c  a c i d .  The d e h y d r a t i o n  was e f f e c t e d  i n  the  ab sen ce  
o f  a i r ,  t h i s  b e in g  a c h ie v e d  by p a s s i n g  n i t r o g e n  i n t o  the  
i n n e r  tube  d u r in g  th e  h e a t i n g  which was c o n t in u e d  f o r  
ab o u t  two h o u r s  a t  a t e m p e r a tu r e  o f  280^- 290 G. The m a t e r i a l
c
began  to  l o s e  w a t e r  a t  260 G and th e  d e h y d r a t i o n  was com ple te
a t  280° G, when th e  s u b s t a n c e  assumed a b ro w n ish  y e l lo w
c o l o u r .  The p r o d u c t  was c o o le d  i n  an a tm o sp h ere  o f  n i t r o g e n .
D i f f e r e n t  p r e p a r a t i o n s  o f  th e  m a t e r i a l  p o s s e s s e d  c o l o u r s
which  v a r i e d  from y e l l o w i s h  brown to  o l i v e -  g r e e n ,  w hereas
10Morse and Jo n es  d e s c r i b e  t h e i r  p r o d u c t  a s  h a v in g  a  y e l lo w
T T T 2c o l o u r ,  w h i le  T a n a t a r  and  Denham* c la im  t h a t  i t  i s  g r e e n .
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A n a ly s is .
A weighed q u a n t i t y  o f  the  i x i d e  was d i s s o l v e d  in  
the  l e a s t  p o s s i b l e  volume o f  d i l u t e  n i t r i c  a c i d ,  th e  s o l u t i o n
/
re d u c e d  i n  b u lk  by e v a p o r a t i o n  i n  a p l a t i n u m  c r u c i b l e ,  a  
l i t t l e  c o n c e n t r a t e d  s u l p h u r i c  a c i d  added  and th e  m ix tu re  
e v a p o r a t e d  to  d r y n e s s .  The cadmium s u l p h a t e  r e m a in in g  was 
d i s s o l v e d  i n  w a t e r ,  t h e  s o l u t i o n  made up to  250 c c s .  and 
50 cc p o r t i o n s  e l e c t r o l y s e d  a s  b e f o r e .
A. Weight o f  o x id e  = 0 .4 9 7 8  grm.
1 .  Weight o f  cadmium d e p o s i t e d  c 0 .0 9 0 3  " Gd •  9 0 .6 9 ^
2. " " " " r  0 .0 9 0 5  ** Gd g 9 0 .8 9 ^
B. Weight o f  o x id e  i  0 .5 0 9 5  ”
1.  Weight o f  cadmium d e p o s i t e d  -  0 .0 9 2 6  " Gd m 9 0 ,8 3 %
2.  " " ” ” -  0 .0 9 2 0  ” Gd 9 0 .3 1 ^
GdgO r e q u i r e s  Gd s  9 3 .3 5 ^
P r e p a r a t i o n  o f  cadmic ox id e  GdO
Gadmic h y d r o x id e  was f i r s t  p r e p a r e d  as  p r e v i o u s l y  
d e s c r i b e d ,  and h e a t e d  i n  a  p l a t i n u m  d i s h  f o r  some t im e .  As 
the  d e h y d r a t i o n  p r o c e e d e d ,  the  s u b s t a n c e  assumed a d a rk  brown 
c o l o u r  which  was d e e p e r  when h o t  th a n  when c o l d .  A f t e r  c o o l i n g  
i n  a  d e s i c c a t o r  o v e r  f l a k e d  sodium h y d r o x id e  f o r  some t im e ,  
the  ox id e  was a n a l y s e d  e l e c t r o l y t i c a l l y .
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A n a ly s is .
A weighed q u a n t i t y  o f  the  o x id e  was d i s s o l v e d  in  ÿhe 
l e a s t  p o s s i b l e  volume o f  d i l u t e  s u l p h u r i c  a c i d ,  and the  
s o l u t i o n  made up to  250 c c s .  50 cc .  p o r t i o n s  were e l e c t r o l y s e d  
and gave th e  f o l l o w i n g  r e s u l t s : -  
Weight o f  cadmic o x id e  z  0 ,4 8 4 4  grm.
1 ,  Weight o f  cadmium d e p o s i t e d  s  0 ,0 8 3 3  " Cd -  8 5 ,9 8 ^
2. " ” " " z  0 .0 8 3 4  ” Gd z  8 6 ,1 0 ^
GdO r e q u i r e s  Gd z  8 7 ,5 2 ^
The i m p u r i t y  c o n s i s t e d  o f  c a r b o n a te  formed by  the  
a b s o r p t i o n  o f  ca rbon  d i o x i d e  from the  %ir  d u r i n g  p r e p a r a t i o n .  
The most  c a r e f u l  p r e c a u t i o n s  f a i l e d  to  a v o id  t h i s  i m p u r i t y .
An a t t e m p t  was made to  p r e p a r e  a s m a l l  specimen o f  p u re  
o x id e  f o r  th e  p u rp o s e  o f  th e  s u s c e p t i b i l i t y  measurem ent 
a s  f o l l o w s : -  The m a g n e t i c  s u s c e p t i b i l i t y  o f  the  ox id e  was 
m easured  and i t  was packed  i n t o  a  q u a r t z  s u s c e p t i b i l i t y  
tube  f i t t e d  w i t h  a g round  g l a s s  s t o p p e r  c o n t a i n i n g  a ta p  so 
t h a t  i t  co u ld  be e v a c u a t e d .  The tube  c o n t a i n i n g  the  ox id e  was 
p l a c e d  i n  a s m a l l  h o r i z o n t a l  e l e c t r i c  f u r n a c e  so t h a t  the  
end p r o j e c t e d  a b o u t  two in c h e s  ( Diagram 3 ) .  The tu b e  was 
e v a c u a t e d ,  th e n  h e a t e d  to a  t e m p e r a tu r e  o f  ab o u t  4 0 0° C, 
and any g as  e v o lv e d  was pumped o f f .  The h e a t i n g  was c o n t i n t e d  
f o r  t h r e e  h o u r s ,  them the  f u r n a c e  was c o o le d  a f t e r  c l o s i n g
the  t a p  on the  t u b e .  The e v a c u a t e d  tube was removed ,
ISA
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co o led  in  a d e s i c c a t o r  and when c o l d ,  th e  m a g n e t ic  
s u s c e p t i b i l i t y  was m easu red ,
A sample of  t h i s  ox ide  was a n a l y s e d  and gave Cd -  8 6 ,2 0 ^  
a s  a g a i n s t  Cd s  8 6 .1 0 ^  b e f o r e  h e a t i n g  in  v acuo .  The t r e a t m e n t  
t h e r e f o r e  had f a i l e d  to  decompose e n t i r e l y  the  sm a l l  q u a n t i t y  
o f  c a r b o n a te  p r e s e n t .  The m a g n e t i c  s u s c e p t i b i l i t y  o f  p u re  
cadmic o x id e  was t h e r e f o r e  deduced from the m easured  v a lu e  
o f  the  s l i g h t l y  impure m a t e r i a l  and t h a t  f o r  cadmium 
c a r b o n a t e .
P r e p a r a t i o n  o f  cadmium c a rb o n a te  CdCO^
1 3The method due to  A .de S c h u l t e n  was u sed  f o r  t h i s  
p r e p a r a t i o n ,  E x ce s s  ammonium c a r b o n a te  s o l u t i o n  was added to 
a s o l u t i o n  o f  cadmium s u l p h a t e .  The w h i te  p r e c i p i t a t e  formed 
was j u s t  d i s s o l v e d  in  ammonium h y d ro x id e  and the  s o l u t i o n  
h e a t e d  on the  w a te r  b a t h .  Minute rh o m bohedra l  c r y s t a l s  were 
o b t a i n e d ,  f i l t e r e d ,  washed and d r i e d  a t  100° to  120^ C,
A n a l y s i s *
A weighed q u a n t i t y  o f  the  c a rb o n a te  was d i s s o l v e d  i n  
a l i t t l e  d i l u t e  s u l p h u r i c  a c i d ,  and the  s o l u t i o n  e l e c t r o l y s e d .  
Weight o f  c a rb o n a te  r  0 ,7 8 7 8  grms.
Weight o f  cadmium d e p o s i t e d  k 0 .0 9 9 8  " Cd z  63,34%
" " " " z 0 .0999  " Gd B 6 3 .3 6 ^
OdCOg r e q u i r e s  Gd = 65.19/6
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The d i s c r e p a n c y  b e tw e e n  th e  v a l u e s  i s  due to  th e  p r e s e n c e
14o f  cadmium h y d r o x i d e .  A cc o rd in g  to  F o l l e n i u s  , p r e c i p i t a t e d  
cadmium c a r b o n a t e  i s  a lw a y s  somewhat b a s i c  u n l e s s  ammonium 
c a r b o n a t e  i s  the  p r e c i p i t a n t .  Prom t h r  f o r e g o i n g ,  i t  a p p e a r s
t h a t  a b a s i c  s a l t  is? o b t a i n e d  even  when ammonium c a r b o n a t e
i s  u s e d ,
Coninck  and G e r a r d h a v e  p r e p a r e d  a  p u r e  spec im en  
o f  cadmium c a r b o n a t e  by a d d in g  a s o l u t i o n  o f  p u re  p o t a s s i u m  
c a r b o n a t e  to  a s o l u t i o n  o f  cadmium c h l o r i d e .  The p r e c i p i t a t e  
was d i s s o l v e d  i n  d i l u t e  h y d r o c h l o r i c  a c i d  and r e - p r e c i p i t a t e d  
w i t h  p o t a s s i u m  c a r b o n a t e .  T h i s  was r e p e a t e d ,  and th e  
p r e c i p i t a t e  f rom  th e  t h i r d  o p e r a t i o n  was washed w e l l ,  and 
d r i e d  a t  100^ G, The above m ethod  was f o l l o w e d , - a n d  an 
amorphous c a r b o n a t e  was o b t a i n e d  w hich  a n a l y s e d  a s  shown: -  
Weight o f  cadmium c a r b o n a t e  i n  250 c o s .  s o l u t i o n  s  0 ,7 7 6 2  grm, 
50 cc p o r t i o n s  were e l e c t r o l y s e d
1, W eight o f  cadmium d e p o s i t e d  % 0 ,0 9 8 2  grm. Od # 63.25%
2 .  *' " ” " s  0 .0 9 8 4  " Cd s  QZ.Z9%
These  r e s u l t s  g i v e  p r a c t i c a l l y  th e  same p e r c e n t a g e  o f  
cadmium as  by th e  f o r m e r  m ethod  so i t  was c o n c lu d e d  t h a t  i t  
was i m p o s s i b l e  to  o b t a i n  cadmium c a r b o n a t e  o t h e r  th a n  m ixed  
w i t h  a  s m a l l  amount o f  b a s i c  c a r b o n a t e .
The m a g n e t i c  s u s c e p t i b i l i t y  o f  t h e s e  two sp e c im e n s  
was m e a s u r e d ,  and c o r r e c t e d  f o r  th e  p e r c e n t a g e  o f  h y d r o x i d e  
w h ich  th e y  c o n t a i n e d .
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P re p a ra t io n  of cadmium su lp h id e  CdS
Hydrogen s u l p h i d e  was p a s s e d  i n t o  a  n e a r l y  n e u t r a l  
s o l u t i o n  o f  cadmium s u l p h a t e .  The y e l l o w  p r e c i p i t a t e  was 
washed s e v e r a l  t im e s  w i t h  d i s t i l l e d  w a t e r  u n t i l  f r e e  f rom  
h y d ro g e n  s u l p h i d e ,  and  d r i e d  a t  12d" G, I f  th e  s o l u t i o n  u s e d  
f o r  p r e c i p i t a t i o n  i s  a c i d ,  a  r e d  fo rm  o f  s u l p h i d e  which  i s  
a p o ly m e r i d e  o f  th e  y e l l o w  f o r m ,  i s  o b t a i n e d  a c c o r d i n g  to  
B uchner  .
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  s u l p h i d e  was t r e a t e d  i n  a 
c r u c i b l e  w i t h  h y d r o c h l o r i c  a c i d  ( I : I ) .  When i t  had  d i s s o l v e d ,  
s l i g h t  e x c e s s  s u l p h û r l c  a c i d  was added  and th e  m i x t u r e  
e v a p o r a t e d  to  d r y n e s s .  A f t e r  c o o l i n g  i n  a d e s i c c a t o r ,  the  
c r u c i b l e  and i t s  c o n t e n t s  was w e ig h e d .  The c r u c i b l e  was a g a i n  
h e a t e d  and c o p ie d  u n t i l  i t  was og c o n s t a n t  w e i g h t ,
1 ,  Weight o f  cadmium s u l p h i d e  % 0 ,2 1 4 6  grm,
” " " s u l p h a t e  s  0 .3 0 8 8  "
Amount o f  s u l p h a t e  r e q u i r e d
by cadmium s u l p h i d e  -  0 , 309 6 
% o f  Gd i n  cadmium s u l p h i d e  -  77,56%
2,  Weight  o f  cadmium s u l p h i d e  % 0 .2 1 0 5  "
" . " " s u l p h a t e  % 0 . 3031
Amount o f  s u l p h a t e  r e q u i r e d
by cadmium s u l p h i d e  -  0 .3 0  37
% o f  Gd i n  cadmiujTi s u l p h i d e  s 77,59%
GdS r e q u i r e s  Gd & 77,76%
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P re p a ra t io n  o f  anhydrous cadmlizm s u lp h a te GdSO^
P ure  A.R. cadmium s u l p h a t e ,  3GdS0^.8Hg0. was 
d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and a l lo w e d  to  
c r y s t a l l i s e  i n  a  d e s i c c a t o r  o v e r  c o n c e n t r a t e d  s u l p h u r i c  a p i d  
and s o l i d  sodium h y d r o x i d e .  The l o n g ,  c o l o u r l e s s  n e e d l e s  
s e p a r a t i n g  o u t  were f i l t e r e d  t h r o u g h  a s b e s t o s  p a p e r ,  washed 
w i t h  g l a c i a l  a c e t i c  a c i d  u n t i l  f r e e  f ro m  s u l p h u r i c  a c i d ,  and 
d r i e d  i n  a  vacuum d e s i c c a t o r  o v e r  sodium h y d r o x i d e .  A f t e r  
some c o n s i d e r a b l e  t im e  th e  c r y s t a l s  f e l l  t o  a  w h i t e  pow der .  
A n a l y s i s .
A w eighed  q u a n t i t y  o f  t h e  s u l p h a t e  was d i s s o l v e d  i n  
d i s t i l l e d  w a t e r ,  t h e  s o l u t i o n  made up  t o  250 c c s ,  and  50 cc 
p o r t i o n s  e l e c t r o l y s e d .
Weight  o f  cadmium s u l p h a t e .  j  0 .9 0 1 0  grm,
1 ,  W eight  o f  cadmium d e p o s i t e d  s 0 .0 9 6 7  ” Gd -  53.70%
2 .  " " " ” r  0 .0 9 6 8  " Gd r  53,73%
GdSO r e q u i r e s  Gd -  53.89%
4c
Preparation o f 3GdSO .^ SH^ O
Gadmic h y d r o x i d e  was d i s s o l v e d  i n  d i l u t e  s u l p h u r i c  
a c i d  and  th e  s o l u t i o n  e v a p o r a t e d  a t  7(f G, u n t i l  c o n c e n t r a t e d .  
Then i t  was a l l o w e d  to  c r y s t a l l i s e  i n  a  d e s i c c a t o r  o v e r  
c a l c iu m  c h l o r i d e .  L a rg e  c o l o u r l e s s  m o n o c l i n i c  p r i s m s  were 
o b t a i n e d ,  f i l t e r e d  and  a i r  d r i e d  a t  room t e m p e r a t u r e .
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A n a ly s i s .
A w eighed  q u a n t i t y  o f  th e  s u l p h a t e  was d i s s o l v e d  i n  
w a t e r  and th e  s o l u t i o n  made up to  250 c c s .  50 cc p o r t i o n s  
were e l e c t r o l y s e d ,  th e  r e s u l t s  b e i n g  a s  f o l l o w s : -
Weight o f  s u l p h a t e  z  I . 3 I IÉ  grm.
1.  W eight  o f  cadmium d e p o s i t e d  -  0 . I I 4 4  " Cd -  43.60%
2.  " " ” ** s 0 . I I 4 6  " Cd s  43.68%
30dS0^.8H^O r e q u i r e s  Cd s  43,81%
P r e p a r a t i o n  o f  CdSO^.HgO
A s o l u t i o n  o f  A.R. cadmium s u l p h a t e  SCdSO^.BHgO, was 
made,  s a t u r a t e d  a t  lOO’" G . , and  a l l o w e d  to c r y s t a l l i s e  on 
th e  w a t e r  b a t h .  Small  c o l o u r l e s s  m o n o c l i n i c  c r y s t a l s  were 
o b t a i n e d  and a f t e r  f i l t e r i n g ,  were d r i e d  a t  room t e m p e r a t u r e .  
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  s u l p h a t e  was d i s s o l v e d  i n  
d i s t i l l e d  w a t e r ,  th e  s o l u t i o n  made up to  250 c c s .  and  50 cc 
p o r t i o n s  e l e c t r o l y s e d .
Weight o f  s u l p h a t e  % 1 .0 6 8 2  grm.
1.  W eight  o f  cadmium d e p o s i t e d  z  0 .1 0 5 6  " Gd -  49.43%
2 .  " " " " s 0 .1 0 5 8  " Cd 4 9 .5 3 ^
3. ” " " " s  0 .1 0 5 8  " Gd e 4g.53f6
CdSO H2 0  r e q u i r e s  Cd -  4 9 ,6 0 ^
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P re p a ra t io n  of cadmium f lu o r id e  CdPg
The m ethod a d o p t e d  by  Pe te rsen^"^  was f o l l o w e d .  A 
c o n c e n t r a t e d  s o l u t i o n  o f  p o t a s s i u m  f l u o r i d e  ( n e u t r a l )  was 
added  to a c o n c e n t r a t e d  s o l u t i o n  o f  cadm iu ir |su lpha te  
SGdSO^.SHgO, The s o l u t i o n  was warmed on th e  w a t e r  b a t h  and 
a f i n e  w h i te  c r y s t a l l i n e  p r e c i p i t a t e  was fo rm e d .  The m i x t u r e  
was f i l t e r e d ,  th e  p r e c i p i t a t e  washed and th e n  d r i e d  i n  a 
d e s i c c a t o r  o v e r  c a lc iu m  c h l o r i d e  f o r  some t im e .
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  f l u o r i d e  was t r e a t d d  w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  i n  a p l a t i n u m  c r u c i b l e ,  and 
h e a t e d  u n t i l  no more a c i d  fumes were e v o l v e d .  The r e s i d u e  
was d i s s o l v e d  i n  w a t e r  and the  s o l u t i o n  made up to  250 c c s ,
50 cc p o r t i o n s  were e l e c t r o l y s e d .
Weight  o f  cadmium f l u o r i d e  e 0 .5 7 9 4  grm.
1 .  Weight  o f  cadmium d e p o s i t e d .  -  0 .0 8 6 4  ” Cd •  74.56^^
2 ,  " e 0 .0 8 6 5  " Cd r  7 4 , 6 4 ^
CdPg r e q u i r e s  Cd ,  7 4 . 7 3 ^
P r e p a r a t i o n  o f  CdClg.HgO
Pure  g r a n u l a t e d  cadmium was d i s s o l v e d  i n  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  on th e  w a t e r  b a t h  w i t h  p l a t i n u m  w i r e  to  
a c c e l e r a t e  th e  a c t i o n .  When no f u r t h e r  a c t i o n  to o k  p l a c e ,  th e  
m i x t u r e  was f i l t e r e d  and th e  s o l u t i o n  c r y s t a l l i s e d  on th e  w a t e r  
b a t h .  Long f e a t h e r y  w h i t e  n e e d l e s  s e p a r a t e d  on the .  s u r f a c e
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o f  the  s o l u t i o n ,  and th e s e  were washed w i t h  a l c o h o l  and a i r  
d r i e d  a t  room t e m p e r a t u r e .  The method i s  due to  S . U . P i c k e r i n g  
and Cohen.
A n a l y s i s
A weighed q u a n t i t y  .of t h i s  c h l o r i d e  was d i s s o l v e d  in  
d i s t i l l e d  w a te r  and the  s o l u t i o n  made up to 250 c c s .  50 cc
p o r t i o n s  were e s t i m a t e d  as  s i l v e r  c h l o r i d e .
Weight o f  c h l o r i d e  s  1 .7239  grm.
1. Weight o f  s i l v e r  c h l o r i d e  s 0 .4 9 0 9  " Cd w 5 5 .8 1 %
2 .  " " " " % 0 .4 9 1 5  " Cd I» 5 5 .8 8 ^
CdClgHgO r e q u i r e s  Cd -  5 5 .8 4 ^
P r e p a r a t i o n  o f  CdClg.S^r HgO
A cco rd in g  to  P .S t ro h rn ey er^^  t h i s  h y d r a t e  c i ^ s t a l l i s e s  
f rom a s o l u t i o n  o f  cadmium i n  h y d r o c h l o r i c  a c i d  a t  room 
t e m p e r a t u r e .  Such a  s o l u t i o n  was p r e p a r e d  and a l lo w e d  to  c 
c r y s t a l l i s e .  The c r y s t a l ^  s e p a r a t i n g  were washed w i t h  q lc o h o l»  
and a i r  d r i e d  a t  room t e m p e r a t u r e .  A n a l y s i s  gave Cd m 5 5 .^ 8 %  
i n s t e a d  o f  49.22% v/hich i s  r e q u i r e d  f o r  C d C lg .2 i  HgO, hence  
th e  p r o d u c t  was CdClg.HgO.
A n o th e r  method o f  p r e p a r a t i o n  was a t t e m p t e d -  nam ely  a 
s o l u t i o n  o f  cadmium i n  h y d r o c h l o r i c  a c i d  was made and co n c e n t r a te d  
so t h a t  i t  was s a t u r a t e d  a t  a b o u t  90* C. I t  was c o o l e d ,  then- 
p l a c e d  i n  a f r e e z i n g  m i x t u r e .  The c r y s t a l s  s e p a r a t i n g  were 
f i l t e r e d ,  washed w i t h  a l c o h o l ,  and a i r  d r i e d  a t  room
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t e m p e r a t u r e .  A n a l y s i s  o f  t h i s  p r o d u c t  gave Cd g 5 5 , 8 0 ^ ,  
w h ich  c o r r e s p o n d s  w i t h  CdClg.HgO. I t  was t h e r e f o r e  fo u n d  
i m p o s s i b l e  to  r e p e a t  S t r o h m e y e r ' s  work and  p r e p a r e  t h i s  
h y d r a t e  CdClg,2& HgO.
T e s t s  an  cadmium c h l o r i d e  f o r  i r o n  w i t h  t h i o g l y c o l l i c  a c i d .
As th e  p r e s e n c e  o f  a s l i g h t  t r a c e  o f  i r o n  would have  
a  g r e a t  i n f l u e n c e  on th e  m a g n e t i c  s u s c e p t i b i l i t y  o f  a 
compound, i t  was d e s i r a b l e  t h a t  i t  s h o u ld  be i r o n  f r e e .
Very s l i g h t  t r a c e s  o f  i r o n  a r e  som et im es  fo u n d  i n  h y d r o c h l o r i c  
a c i d ,  so th e  cadmium c h l o r i d e  p r e p a r e d  was t e s t e d  i n  o r d e r  
to  see  i f  i t  c o n t a i n e d  any o f  t h i s  e l e m e n t .
A s t a n d a r d  s o l u t i o n  o f  f e r r o u s  s u l p h a t e  was p r e p a r e d
c o n t a i n i n g  a  known w e ig h t  o f  i r o n .  2 c c s .  o f  t h i s  s o l u t i o n  
were t a k e n ,  0 . 2  c c s .  o f  s t r o n g  ammonia were ad d e d  and one 
d rop  o f  t h i o g l y c o l l i c  a c i d .  A deep  wine -  r e d  c o l o u r  was 
p r o d u c e d ,  th e  t e s t  b e i n g  v e r y  s e n s i t i v e .  The s o l u t i o n  was 
much d i l u t e d  and i t  was fo u n d  t h a t  1 . 5  x 10 grm o f  i r o n  
p e r .  c c .  gave a f a i n t  c o l o u r ,  b u t  7 . 5  x 10 grm o f  i r o n  p e r .  
cc gave  no c o l o u r .
A s o l u t i o n  o f  cadmium c h l o r i d e  was made c o n t a i n i n g
I  grm. o f  c h l o r i d e  i n  5 c c s .  o f  s o l u t i o n .  No c o l o u r  change was
o b s e r v e d  when th e  t h i o g l y c o l l i c  a c i d  was a d d e d ,  showing 
t h a t  CdClg.HgO c o n t a i n s  n o t  more t h a n  7 . 5  x  10*"' grm. o f  i r è n  
p e r .  c c .  and h en c e  was c o n s i d e r e d  i r o n  f r e e .
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P re p a ra t io n  of anh^/droua oadmium c h lo r id e  CdOlg
10The method u s e d  by Morse and J o n e s  was a d o p t e d .
Pure  cadmium was d i s s o l v e d  i n  p u re  h y d r o c h l o r i c  a c i d  and 
the  s o l u t i o n ,  a f t e r  f i l t e r i n g  was e v a p o r a t e d  to  d r y n e s s .
Thid  p r o d u c t  was p l a c e d  in  a p o r c e l a i n  b o a t  i n s i d e  a lo n g  
s i l i c a  t u b e ,  and d ry  h y d ro g en  c h l o r i d e ,  p r e p a r e d  by d r o p p in g  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  on to  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  in  a f l a s k ,  was p a s s e d  th r o u g h  th e  tube  which  was 
h e a t e d  to  r e d n e s s .  The e x c e s s  h y d ro g e n  c h l o r i d e  and w a te r  
g iv e n  o f f  were a b s o rb e d  in  soda  l i m e .  The c h l o r i d e ,  f r e e d  
f rom  o x y c h l o r i d e  and w a t e r ,  su b l im ed  on th e  u p p e r  s u r f a c e  
o f  the  s i l i c a  t u b e .  When c o o l e d ,  h i g h l y  l u s t r o u s  t h i n ,  
t r a n s p a r e n t ,  c o l o u r l e s s  p l a t e s  were removed from th e  t u b e .  
These were a n a l y s e d ,  and th e  i r o n  t e s t  p r e v i o u s l y  d e s c r i b e d  
was c a r r i e d  o u t  w i t h  n e g a t i v e  r e s u l t s .
A n a ly s i s
A w eighed  q u a n t i t y  o f  the  c h l o r i d e  was d i s s o l v e d  
in  w a t e r ,  th e  s o l u t i o n  made up to 250 c c s .  and 50 cc p o r t i o n s  
e s t i m a t e d  a s  s i l v e r  c h l o r i d e .
Weight o f  cadmic c h l o r i d e  s  1 .0575  grm.
1 .  Weight o f  s i l v e r  c h l o r i d e  r  0 .3 3 0 6  " Cd s 6 1 .3 0 ^
2 .  " " " " s 0 .3 3 0 2  " Cd s 6 1 .2 2 ^
CdClg r e q u i r e s  Cd m 61 .Z1%
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P re p a ra t io n  of cadmium su b -  c h lo r id e  Gd^Gl^
T h is  s u b s t a n c e  was f i r s t  p r e p a r e d  by Morse and Jo n es^^  
i n  1890 and t h e i r  method was f o l lo w e d  in  the  p r e s e n t  c a s e .  
Pure  a n h y d ro u s  cadmium c h l o r i d e ,  p r e p a r e d  a s  d e s c r i b e d ,  and 
e x c e s s  cadmium ( 12 grm, GdOl^ to  6 grm. Gd ) were p l a c e d  
i n  a p y re x  tube  f i t t e d  w i t h  a co rk  w i t h  i n l e t  and e x i t  t u b e s .  
The p y r e x  tube  was p l a c e d  i n  a v e r t i c a l  e l e c t r i c  f u r n a c e  
which  was a r r a n g e d  to  g iv e  a maximum t e m p e r a t u r e  o f  600* G. 
N i t r o g e n ,  p a s s e d  th r o u g h  a l k a l i n e  p y r o g a l l o l  s o l u t i o n  to  
f r e e  i t  from t r a c e s  o f  o x ygen ,  and d r i e d  by c o n c e n t r a t e d  
s u l p h u r i c  a c i d ,  was l e d  i n t o  th e  p y r e x  t u b e .  Thus the  
m ix t u r e  o f  cadmic c h l o r i d e  and cadmium was h e a t e d  i n  an 
a tm o sp h e re  o f  n i t r o g e n  { d ia g ra m  4 ) ,  Soon th e  m ix t u r e  
f u s e d  to a d a r k  r e d  l i q u i d  and m o l t e n  cadmium s e t t l e d  a t  
the  b o t to m  o f  th e  t u b e .  From t ime to  t im e th e  tube  was 
shaken d u r i n g  th e  h e a t i n g  which  was c o n t i n u e d  f o r  f i v e  h o u r s .  
The t e m p e r a t u r e  was a d j u s t e d  so t h a t  th e  c o n t e n t s  o f  the  
tube  were k e p t  i n  th e  l i q u i d  s t a t e ,  b u t  n o t  r a i s e d  much 
beyond t h i s  a s  cadmium te n d s  to s e p a r a t e  a t  h i g h e r  
t e m p e r a t u r e s .  The f u r n a c e  was s w i tc h e d  o f f  and the  c o n t e n t s  
o f  th e  tube  a l lo w e d  to  c o o l  i n  an  a tm o sp h e re  ofi n i t r o g e n .
The s u b s t a n c e  was g r e y ,  w i t h  a f r a c t u r e  r e s e m b l in g  
m ica  and c o n s i s t e d  o f  v e r y  t h i n  p l a t e s  packed  c l o s e l y  
t o g e t h e r .  The cadmium l e f t  a t  the  b o t to m  o f  th e  tube  
c o n t a i n e d  a h o l e ,  the  s u r f a c e  o f  w h ich  c o n s i s t e d  o f  a
23A
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s i n g l e  h i g h l y  l u s t r o u s  c r y s t a l ,  e a c h  f a c e t  b e i n g  f i v e  -  
s i d e d .
A n a l y s i s .
The s u b s t a n c e  was pow dered ,  and a weighed q u a n t i t y  
d i s s o l v e d  i n  th e  l e a s t  volume o f  d i l u t e  n i t r i c  a c i d ;  th e  
s o l u t i o n  was made up to  250 c c s .  and 50 c c .  p o r t i o n s  were 
e s t i m a t e d  as  s i l v e r  c h l o r i d e .
Weight o f  s u b -  c h l o r i d e  g 0 .8 1 7 0  grm.
1 .W eigh t  o f  s i l v e r  c h l o r i d e  e 0 .2 3 4 6  " Cl r  3 5 .5 7 ^
2 . Weight o f  s i l v e r  c h l o r i d e  s  0 .2 3 4 7  Cl r  3 5 ,5 8 ^
Cd.Cl r e q u i r e s  Cl s  3 5 .6 5 ^  4 7
P r e p a r a t i o n  o f  cadmium brom ide CdBr^
20The method o f  p r e p a r a t i o n  was ' p a r t l y  due to  R ag lan d  ,
21and to  B a x t e r ,  H ines  and F r e v e r t  . Cadmic o x id e  was
d i s s o l v e d  i n  b rom ine  w a t e r  a c i d i f i e d  w i t h  h y d ro b ro m ic  a c i d
to p r e v e n t  b a s i c  s a l t  f o r m a t i o n .  The m i x t u r e  was h e a t e d  on
the  w a te r  b a t h  to  e x p e l  a l l  f r e e  b r o m in e ,  and th e n  f i l t e r e d .
The s o l u t i o n  was e v a p o r a t e d  to  c r y s t a l l i s a t i o n  p o i n t  and a l lo w d d
to c o o l .  The c r y s t a l s  s e p a r a t i n g ,  w hich  were found  to
e f f l o r e s c e  on e x p o s u re  to a i r ,  were p r o b a b l y  the  t e t r a  -
22h y d r a t e  CdBr^. ^HgO o f  D i e t z  ♦ The c r y s t a l s  were powdered 
and d r i e d  i n  a vacuum d e s i c c a t o r  o v e r  s o l i d  sodium h y d r o x i d e .
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A n a ly s is
Weight o f  b rom ide  i n  250 ccs  s o l u t i o n  % 1 .5572  grm.
1 .  W eight o f  s i l v e r  b rom ide  from 50 c c . s  0 .4 2 9 2  “ Gd r  4 1 .1 8 ^
2 . " " " " " 'r 0 .4 2 9 8  " Cd Z 4 1 .3 0 #
CdBrg r e q u i r e s  Cd r  4 1 .2 9 #
P r e p a r a t i o n  o f  cadmium i o d i d e  Gdl^
20
The method u s e d  by R ag lan d  was f o l l o w e d .  Pure  
g r a n u l a t e d  cadmium was d i s s o l v e d  i n  h y d r i o d i c  a c i d ,  and th e  
m i x t u r e  warmed on the  w a t e r  b a t h  u n t i l  a l l  f r e e  i o d i n e  had  
b een  e v o l v e d .  The m i x t u r e  was th e n  f i l t e r e d ,  e v a p o r a t e d ,  and 
a l lo w e d  to  c r y s t a l l i s e  when g l i s t e n i n g  w h i te  p l a t e s  s e p a r a t e d  
o u t .  These  were w ashed ,  and d r i e d  and k e p t  a f a y  from the  
l i g h t  a s  much as  p o s s i b l e  a s  th e y  t e n d e d  to  decompose .
A n a l y s i s .
Weight o f  i o d i d e  i n  250 c c s  s o l u t i o n  % I . 7106 grm.
1.  Weight o f  s i l v e r  i o d i d e  i n  50 c c s .  .  0 . 4 3 7 4  " Cd , 3 0 . 5 9 #
2 .  “  » n  ti tt It _  0 .4 3 8 7  "  Cd ^ 3 0 .6 7 #
Cdig r e q u i r e s  Cd = 3 0 .6 8 #
S in ce  cadmium i o d i d e  i s  s o l u b l e  i n  a l c o h o l  and c r y s t a l l i s e s  
from t h a t  s o l v e n t ,  i t  was th o u g h t  p o s s i b l e  t h a t  i t  m ig h t  
t a k e  up a l c o h o l  o f  c r y s t a l l i s a t i o n .  I f  t h i s  were the  case
26
th e  m a g n e t i c  s u s c e p t i b i l i t y  v a l u e  would p ro v e  to be o f  
i n t e r e s t .
With  t h i s  end i n  v ie w ,  cadmium i o d i d e  was p r e p a r e d
23by the  method o f  Vogel
30 grams o f  cadmium s u l p h a t e  3GdSO^«8HgO, and 40 grams o f  
p o t a s s i u m  i o d i d e  were made i n t o  s e p a r a t e  s o l u t i o n s  i n  
w a t e r ,  and th e  s o l u t i o n s  mixed and h e a t e d  on a w a t e r  b a t h  
u n t i l  the  r e s i d u e  was d r y .  The' mass was e x t r a c t e d  w i t h  w 
a b s o l u t e  a l c o h o l ,  and a l lo w e d  to c r y s t a l l i s e .  I t  was 
r e - c r y s t a l l i s e d  from a b s o l u t e  a l c o h o l  and the  g l i s t e n i n g  
p l a t e s  which  s e p a r a t e d  were kepjf away from th e  l i g h t .  
A n a l y s i s .
A weighed  q u a n t i t y  o f  th e  i o d i d e  was d i s s o l v e d  i n  
d i s t i l l e d  w a t e r  and the  s o l u t i o n  made up to  250 c c s .
50 cc p o r t i o n s  were e s t i m a t e d  a s  s i l v e r  i o d i d e .
Weight o f  cadmium i o d i d e  -  1 .4 7 4 7  grm.
1 .  V^eight o f  s i l v e r  i o d i d e  s  0 .3 7 8 2  ” Gd r  3 0 .6 8 ^
2 .  " " ” " :  0 .3 7 8 0  ” Ca » 3 0 .6 6 #
Cdl r e q u i r e s  Od -  3 0 .6 8 #
S in ce  th e  a n a l y s i s  o f  t h i s  i o d i d e  a g r e e s  w i t h  t h a t  f o r  
Gdig i t  was co n c lu d ed  t h a t  cadmium i o d i d e  does  n o t  t a k e  up 
a l c o h o l  o f  c r y s t a l l i s a t i o n .
27
P re p a ra t io n  of cadmium n i t r a t e  Gd(NO ) . 4H 0
Pure  cadmium was d i s s o l v e d  i n  d i l u t e  n i t r i c  a c i d
and the  s o l u t i o n  c o n c e n t r a t e d  and a l lo w e d  to c r y s t a l l i s e
s p o n t a n e o u s l y  a t  o r d i n a r y  t e m p e r a t u r e .  G o l o u r l e s s  c r y s t a l s
were o b t a i n e d  and a f t e r  d r y i n g  in  a i r  a t  room t e m p e r a tu r e
th e y  were a n a l y s e d .  T h is  compound was f i r s t  p r e p a r e d  by 
24
S tro h m ey er  .
A n a l y s i s .
A weighed q u a n t i t y  o f  th e  n i t r a t e  was t r e a t e d  w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  i n  a  p l a t i n u m  c iT ic ib le  and h e a t e d  
u n t i l  no more a c i d  fumes were e v o l v e d .  The r e s i d u e  was 
c o o l e d ,  th e n  d i s s o l v e d  i n  w a t e r  and th e  s o l u t i o n  made up 
to 250 C C S .  50 cc p o r t i o n s  were e l e c t r o l y s e d  g i v i n g  th e  
f o l l o w i n g  r e s u l t s .
Weight o f  cadmium n i t r a t e  ^ 1 .3 8 2 2  grm.
1 .  Weight o f  cadmium d e p o s i t e d  -  0 .1 0 0 6  ” Cd -  3 6 ,3 9 ^
2 .  ” ” " " r  0 .1 0 0 7  Gd 3 6 .4 2 ^
Cd(NO-) .4H^0 r e q u i r e s  Gd s  3 6 .4 3 ^  o 2
P r e p a r a t i o n  o f  an h y d ro u s  cadmium n i t r a t e  GdCNO^)^
Pure  cadmium n i  t r a t e  Gd( NO )g * 4SgO p r e p a r e d  a s  above 
was d e h y d r a t e d  o v e r  p h o sp h o ru s  p e n t o x i d e  i n  a d e s i c c a t o r  
f o r  some c o n s i d e r a b l e  t im e .  The c r y s t a l s  became c o n v e r t e d  
i n t o  a  w h i te  d e l i q u e s c e n t  pow der .  The method i s  due to  
W a s i l i e f f ^ ® ,
28
A n a ly s is .
The an h y d ro u s  s a l t  was a n a l y s e d  s i m i l a r l y  to  the  
t e t r a h y d r a t e , g l n l n g  th e  f o l l o w i n g  r e s u l t s .
Weight o f  n i t r a t e  In  250 c o s .  s o l u t i o n  > 0 .9 7 1 8  grm.
1.  Weight o f  oadmium d e p o s i t e d  f rom  50oci i0 .0926  " Cd « 4 7 ,3 5 #
2 .  «1 « « tt tt tt i c , 0 9 2 5  " Cd e 4 7 .3 0 #
Cd(NO )„ r e q u i r e s  Cd ;  4 7 .5 2 #
3 ^
P r e p a r a t i o n  o f  cadmium o r t h o  p h o s p h a te  Od^PO^
T h is  s a l t  was p r e p a r e d  by a d d in g  a  s o l u t i o n  o f  
sodium p h o s p h a te  Na^HPO^ to a  s o l u t i o n  o f  cadmium s u l p h a t e  
The f i n e  w h i te  p r e c i p i t a t e  was washed th o r o u g h ly  u n t i l  f r e e  
from s u l p h a t e ,  and was d r i e d  a t  1 0 0 * G.
A n a l y s i s .
A weighed q u a n t i t y  o f  the  o r t h o  p h o s p h a te  was d i s s o l v e d  
i n  the  l e a s t  p o s s i b l e  volume o f  d i l u t e  h y d r o c h l o r i c  a c i d  
and th e  s o l u t i o n  made up to  250 c c s .  50 cc p o r t i o n s  were 
t a k e n ,  n e a r l y  n e u t r a l i s e d  w i t h  ammonium h y d r o x id e  and 
hy d ro g en  s u l p h i d e  a d d ed .  When the  p r e c i p i t a t i o n  o f  cadmium 
s u l p h i d e  was c o m p le t e ,  th e  m i x t u r e  was f i l t e r e d ,  th e  
p r e c i p i t a t e  washed th o r o u g h ly  and th e  f i l t r a t e  e v a p o r a t e d  
to  s m a l l  b u l k .  C o n s i d e r a b l e  e x c e s s  o f  m a g n es ia  m i x t u r e  and 
15 C C S ,  o f  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  were ad d ed .
The m i x t u r e  was h e a t e d  to b o i l i n g ,  th e n  a 2 . 5 ^  ammonium 
h y d r o x id e  s o l u t i o n  was added  v e ry  s lo w ly  w h i l e  s t i r r i n g
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c o n s t a n t l y .  When e x c e s s  ammonia had  b ee n  ad d e d ,  one f i f t h  o f  
the  volume o f  c o n c e n t r a t e d  ammonia was ad d e d ,  and the  m ix t u r e  
was a l lo w e d  to s t a n d  f o r  ab o u t  t e n  m i n u t e s .  The m ix tu r e  was 
f i l t e r e d  on to a Gooch c r u c i b l e ,  washed by d é c a n t a t i o n  w i t h  
a  2 . 5 ^  ammonium h y d r o x id e  s o l u t i o n ,  d r i e d  and i g n i t e d  I n  a 
n i c k e l  c r u c i b l e .  When c o l d ^ t h e  magnesium p y r o p h o s p h a te  was 
w eighed .
Weight o f  cadmium p h o s p h a te  z  4 ,9 9 0 2  grm.
1. Weight o f  magnesium p y r o p h o s p h a te  -  0 .4 5 1 2  grm. Gd s  6 8 ,4 5 ^
2 .  " " " " z  0 .4 5 0 8  " Gd e 6 8 .3 9 ^
Gd^BO^)g r e q u i r e s  Gd m 6 8 .5 3 ^
P r e p a r a t i o n  o f  cadmium o x a l a t e  GdGgO^
A s o l u t i o n  o f  sodium h y d r o x id e  (98^)» was n e u t r a l i s e d
w i t h  A.R. o x a l i c  a c i d ,  and the  sodium o x a l a t e  s o l u t i o n  th u s
o b t a i n e d  was added to  a s o l u t i o n  o f  cadmium s u l p h a t e .  ThB
w h i te  p r e c i p i t a t e  o b t a i n e d  was washed w e l l  and d r i e d  a t  100^ G,
26)The above metKod i s  due to  W i t t s t e i n
A n a l y s i s . '
A weighed q u a n t i t y  o f  the  o x a l a t e  was decomposed w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  and h e a t e d  u n t i l  a  c l e a r ,  
c o l o u r l e s s  s o l u t i o n  was o b t a i n e d .  A f t e r  c o o l i n g ,  th e  s o l u t i o n  
was n e a r l y  n e u t r a l i s e d  w i t h  sodium h y d r o x id e  s o l u t i o n ,  and 
made up to  250 c c s .  50 cc p o r t i o n s  were e l e c t r o l y s e d
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g i v i n g  th e  f o l l o w i n g  r e s u l t s ; -
Weight o f  cadmium o x a l a t e  r  1 . 2174 grm*
1 .  W eight o f  cadmiuin d e p o s i t e d  fs 0 .1 3 6 8  ” Cd ~ 5 6 .2 0 ^
2 .  ” ft «  ” r  0 .1 3 6 6  ” Gd i  5 6 .1 1 %
3. " " ” " s  0 .1 3 6 7  ” Cd # 5 6 .1 5 ^
OdC^O^ r e q u i r e s  Cd ^ 5 6 . 1 0 ^
P r e p a r a t i o n  o f  cadmium fo x m a te
Cadmium c a r b o n a t e  was t r e a t e d  w i t h  an h y d ro u s  f o r m i c
a c i d  and w a t e r ,  and th e  m i x t u r e  r e f l u x e d  f o r  some t im e
u n t i l  t h e r e  was no f u r t h e r  a c t i o n .  The m i x t u r e  was f i l t e r e d
and th e  f i l t r a t e  e v a p o r a t e d  to  c r y s t a l l i s a t i o n  p o i n t .  The
c r y s t a l s  were washed w i t h  a l c o h o l  and a i r  d r i e d  a t  room
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t e m p e r a t u r e .  They have  b e e n  d e s c r i b e d  by C la rk e  .
A n a l y s i s *
A w eighed  q u a n t i t y  o f  th e  f o r m a t e  was decomposed 
w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and th e  s o l u t i o n  o b t a i n e d  
was made a lm o s t  n e u t r a l ,  t h e n  d i l u t e d  to  250 c c s .  and  50 cc
p o r t i o n s  e l e c t r o l y s e d  a s  p r e v i o u s l y  d e s c r i b e d .
Weight o f  f o r m a te  g 1 .0 5 2 5  grm.
1 .  Weight o f  oadmium d e p o s i t e d  s  o,0992 " Cd * 4 7 ,1 3 #
2 .  *• " " " a 0 . 0 9 9 4  " Cd i  4 7 ,2 5 #
3 .  " " " " Sc 0 ,0 9 9 0  " Cd z  4 7 ,0 2 #
CdCgHg0 ^ . 2 HgO r e q u i r e s  Cd * 4 7 ,1 4 #
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P r e p a r a t i o n  o f  cadmium a c e t a t e  Cd(CoH 0 )o
^ 3 2 ^
28The method u s e d  by S p à th  was a d o p t e d .  E x ce s s  a c e t i c
a n h y d r id e  was added to cadmium n i t r a t e  Cd(NO )o*4 H 0 , u n t i l
3 6  2
th e  f i r s t  v ig o r o u s  r e a c t i o n  was o v e r .  Then f u r t h e r  a c e t i c  
a n h y d r id d  was added l i t t l e  by l i t t l e ,  and the  m i x t u r e  was 
r e f l u x e d  u n t i l  no more n i t r o g e n  p e r o x i d e  was e v o l v e d .  When 
no f u r t h e r  r e a c t i o n  took  p l a c e ,  th e  m i x t u r e  was r e f l u x e d  
f o r  20 m in u t e s  and a l lo w e d  to c o o l .  White  c r y s t a l s  were 
formed and were f i l t e r e d  and washed w i t h  a c e t i c  a n h y d r id e  
and e t h e r ,  and d r i e d  o v e r  p o t a s s i u m  h y d r o x id e  ànd s u l p h u r i c  
a c i d  i n  a vacuum d e s i c c a t o r .
A n a l y s i s .
A weighed q u a n t i t y  o f  the  a c e t a t e  was decomposed w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( t o g e t h e r  w i t h  p o t a s s iu m  
s u l p h a t e  to r a i s e  the  b o i l i n g  p o i n t  o f  the  m i x t u r e ) ,  and 
when c o o l  th e  s o l u t i o n  was e l e c t r o l y s e d  a s . b e f o r e .
Weight o f  a c e t a t e  i n  250 cc s  s o l u t i o n  -  0 .9 3 9 2  grm.
1 .  Weight o f  cadmium i n  50 c c s .  " -  0 .0 9 1 2  " Gd -  4 8 .5 5 #
2 .  " " " " " " " r  0 .0 9 1 5  " Cd r  4 8 .7 1 #
Weight o f  a c e t a t e  i n  250 cc s  s o l u t i o n  e  I . 0317 ”
1 .  Weight o f  cadmium i n  50 c c s .  " ;  O.IOOO " Cd -  4 8 .5 1 #
2 .  " " " " " " " s  O.IOOI " Cd s 4 8 .8 5 #
Cd(CgHgOg)g r e q u i r e s  Cd g  4 8 .7 8 #
H y d ra te s  w i t h  2 and 3 m o l e c u l e s  o f  w a t e r  have  b een  
d e s c r i b e d  by S ch ro d e r^ ^  and H a i d i n g e r ^ .
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P re p a ra t io n  of cadmium malonabe
Cadmium c a r b o n a t e  was t r e a t e d  w i t h  an aqueous  
s o l u t i o n  o f  m a lo n ic  a c i d ,  and h e a t e d  u n t i l  no f u r t h e r  a c t i o n  
took  p l a c e .  The mixi^ure was f i l t e r e d  w h i le  h o t ,  and the  
f i l t r a t e  e v a p o r a t e d .  C o l o u r l e s s  t a b l e t  shaped  c r y s t a l s  
s e p a r a t e d  o u t  w h i le  th e  l i q u i d  was h o t ,  and t h e s e  were 
f i l t e r e d ,  washed w i t h  c o l d  w a t e r  and d r i e d  i n  a d e s i c c a t o r  o v e r  
c a lc iu m  c h l o r i d e .
A n a l y s i s .
A weighed q u a n t i t y  o f  the  m a lo n a t e  was decomposed 
w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and th e  s o l u t i o n  e l e c t r o l y s e d #  
The f o l l o w i n g  r e s u l t s  were o b t a i n e d .
Weight o f  m a lo n a t e  i n  250 cc s  s o l u t i o n  s  0 .9 9 6 9  grm.
1. Weight o f  cadmium d e p o s i t e d  f rom 50cc  s  0 .0 9 6 2  Cd s 4 3 .2 0 ^
2 .  " " " " " " s  0 .0 9 6 6  " Cd -  4 8 .4 5 #
3. #  " " “ " " 4  0 .0 9 6 5  " Cd -  4 8 ,4 0 #
CdCgHgO^ r e q u i r e s  Cd = 5 2 .4 2 #
CdC^BLO .H_0 r e q u i r e s  Cd fe 4 8 .3 7 #
5 2  4 ^
From th e  r e s u l t s  o f  th e  a n a l y s i s  th e  c r y s t a l s  o b t a i n e d
a r e  CdC^HgO^.H^O. T h i s  h y d r a t e  h a s  n o t  p r e v i o u s l y  b een
d e s c r i b e d .  The an h y d ro u s  s a l t  h a s  b een  o b t a i n e d  by 
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F i n c k l e s t e i n  , and the  c r y s t a l l i n e  fo rm s  o f  h y d r a t e s  w i t h
324 and 12 m o le c u l e s  o f  w a t e r  have  b ee n  d e s c r i b e d  by H a u sh o fe r  .
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An e s t i m a t i o n  o f  th e  w a t e r  i n  t h i s  h y d r a t e  was made 
by d raw in g  a i r ,  f r e e d  f rom m o i s t u r e  by  p a s s i n g  th r o u g h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  o v e r  a w eighed  q u a n t i t y  o f  th e  
powdered  c r y s t a l s  i n  a p o r c e l a i n  b o a t  which  was p l a c e d  i n  
a  co m b u s t io n  t u b e . The co m b u s t io n  tu b e  was warmed to  a
o
t e m p e r a t u r e  a  l i t t l e  above 100 C. and was c o n n e c te d  to  two 
weighed  U - tu b e s  c o n t a i n i n g  c a lc iu m  c h l o r i d e ,  and  to  a wash 
b o t t l e  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  to  p r e v e n t  w a t e r  v a p o u r  
coming b ac k  from th e  s u c t i o n  pump. When no more m o i s t u r e  
a p p e a r e d  to  be g i v e n  o f f ,  th e  h e a t i n g  was c o n t i n u e d  f o r  a 
l i t t l e  w h i l e  and th e  co m b u s t io n  tu b e  a l l o w e d  to  c o o l  w h i l e  
a i r  was drawn t h r o u g h  i t .  When Q o ld ,  th e  p o r c e l a i n  b o a t  and  
c o n t e n t s  ( a w h i t e  pow der)  and  th e  U - t u b e s  were w eighed  
a g a i n .  The r e s u l t s  were a s  f o l l o w s : -  
Weight o f  m a lo n a t e  s  2 ,0 3 0 5  g rm .
L oss  i n  w e ig h t  o f  th e  b o a t  and c o n t e n t s  % 0 . 1 5 4 4  ”
I n c r e a s e  i n  w e ig h t  o f  1 s t .  Ü- tu b e  % 0 .1 5 3 0  **
" " " " 2nd .  " " z  0 .0 0 0 5  "
T o t a l  i n c r e a s e  i n  w e ig h t  0 .1 5 3 5
W ater  -  7 . 5 6 ^
GdC^HgO^. HgO r e q u i r e s  H^O * 7 . 7 4 ^
Hence the  e x i s t e n c e  o f  CdC^HgO^.H^O i s  c o n f i r m e d .
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A n a ly s is  of the re s id u e  from the m a lo n a te .
A w eighed  q u a n t i t y  o f  th e  r e s i d u e  was decomposed 
w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( t o g e t h e r  w i t h  p o t a s s i u m  
s u l p h a t e )  and th e  s o l u t i o n  a f t e r  n e u t r a l i s i n g  was e l e c t r o l y s e d ,  
a s  d e s c r i b e d .
W eight  o f  r e s i d u e  i n  250 cc s  s o l u t i o n  z  0 .9 2 9 9  grm.
1.  Weight o f  cadmium i n  50 cc s  " % 0 .0 9 7 3  " Cd -  5 2 , 3 2 ^
2 .  " " " « H II _ 0 .0 9 7 2  " Cd z  5 2 .2 8 #
CdC H 0 .  r e q u i r e s  Cd r  5 2 . 4 2 #O 2 *
The r e s i d u e  t h e r e f o r e  c o n s i s t e d  o f  a n h y d ro u s  cadmium m a lo n a te  
and was a w h i t e  pow der .  F i n k l e s t e i n ^ ^  h a s  d e s c r i b e d  th e  
a n h y d ro u s  s a l t  a s  a y e l l o w  h y g r o s c o p i c  pow der .
P r e p a r a t i o n  o f  cadmium l a c t a t e  Cd(C.,H_0 )_
Cadmium c a r b o n a t e  was t r e a t e d  w i t h  l a c t i c  a c i d  and 
w a t e r  and h e a t e d  u n t i l  t h e r e  was no f u r t h e r  a c t i o n .  The 
m i x t u r e  was f i l t e r e d ,  th e  f i l t r a t e  e v a p o r a t e d  and a l lo w e d  
to  c r y s t a l l i s e  when v e r y  f i n e ,  l o n g  w h i t e  n e e d l e s  s e p a r a t e d .  
These  were washed w i t h  a l c o h o l  and d r i e d  a t  room t e m p e r a t u r e  
i n  a i r .
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  l a c t a t e  was decomposed by 
f u s i o n  w i t h  p o t a s s i u m  h y d ro g e n  s u l p h a t e  and th e  s o l u t i o n ,  a f t e r  
n e u t r a l i s i n g  was e l e c t r o l y s e d
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Weight o f  l a c t a t e  i n  250 cc s  s o l u t i o n  e 0 .9 3 8 8  grm.
1 .  Weight o f  Gd d e p o s i t e d  from 5O c c s  r  0 .0 7 3 0  " Cd r  3 8 .8 4 #
2 .  " " " " " " " -  0 .0 7 2 8  " Cd r 3 8 .7 4 #
3. " " " " » n n _ 0 .0 7 2 6  » Cd s 3 8 .6 8 #
Cd(CgHgOg)g r e q u i r e s  Cd s 3 8 .7 0 #
33P u r d i e  and W alker  have  d e s c r i b e d  p r i s m a t i c  c r y s t a l s
o f  a l a c t a t e  w i t h  l i  m o l e c u l e s  o f  w a t e r  Cd(C Hp.0 ) ^ . l i  H„0,
3  5 ^ 2  2
bub t h e s e  have  n o t  been  o b t a i n e d .
P r e p a r a t i o n  o f  cadmium b e n z o a t e  Cd(
E x c e s s  cadmium c a r b o n a t e  was added  to a h o t  s o l u t i o n
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O f  b e n z o i c  a c i d  in  w a t e r ,  a c c o r d i n g  to  th e  method o f  S c h i f f  
The m i x t u r e  was b o i l e d  u n t i l  t h e r e  was no f u r t h e r  e f f e r v e s c e n c e  
and some cadmium c a r b o n a t e  r e m a in e 4 . I t  was f i l t e r e d  and th e  
f i l t r a t e  was c o o l e d ,  when f i n e  w h i t e  n e e d l e s  s e p a r a t e d  o u t .
The c r y s t a l s  were f i l t e r e d ,  washed w i t h  a l i t t l e  c o l d  w a t e r  
and d r i e d . i n  a i r  a t  room t e m p e r a t u r e .
A n a l y s i s .
A weighed  q u a n t i t y  o f  the  b e n z o a t e  was decomposed 
by f u s i o n  w i t h  p o t a s s i u m  h y d ro g e n  s u l p h a t e  amd th e  s o l u t i o n  
e l e c t r o l y s e d .  The f o l l o w i n g  r e s u l t s  were o b t a i n e d : -
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Weight o f  b e n z o a t e  i n  250 ccs  s o l u t i o n  -  1 .3 8 9 4  grm.
1 .  Weight o f  Cd d e p o s i t e d  f rom 50 cc s  r  0 .0 8 0 6  ** Cd * 2 8 .9 7 ^
2 .  " " " " " " " r  0 .0 8 0 5  " Gd s  2 8 .9 6 #
Gd(0 H 0 ) .2H 0 r e q u i r e s  Cd s  2 8 .7 8 #
' 5  2 2 2
P r e p a r a t i o n  o f  cadmium a n i l i n e  i o d i d e  (2CgH.^h 4  C d l^ )
An a l c o h o l i c  s o l u t i o n  o f  a n i l i n e  was mixed w i t h  an
a l c o h o l i c  s o l u t i o n  o f  cadmium i o d i d e  a c c o r d i n g  to  the
35m ethod o f  Herman Vohl . L a rg e  v /h i te  b r i l l i a n t  n e e d l e s  
s e p a r a t e d  a f t e r  s t a n d i n g  f o r  a few m i n u t e s .  These were 
s o l u b l e  i n  h o t  w a t e r ,  and decomposed on e x p o s u re  to l i g h t .  
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  s u b s t a n c e  was d i s s o l v e d  
i n  h o t  w a t e r ,  and the  i o d i d e  p r e c i p i t a t e d  a s  s i l v e r  i o d i d e .
The m i x t u r e  was b o i l e d ,  f i l t e r e d  an to  a  s i n t e r e d  g l a s s  
c r u c i b l e ,  washed f r e e  from s i l v e r  n i t r a t e  and d r i e d  a t  
120° C.
1. W eight o f  a n i l i n e  i o d i d e  -  0 .5 2 0 8  grm.
" " s i l v e r  i o d i d e  = 0 .  4 4 I I  " Cd = 4 5 .7 7  #
2 .  Weight o f  a n i l i n e  i o d i d e  -  0 .5 9 9 8  "
" " s i l v e r  i o d i d e  r  0 .5 0 8 1  " Cd -  4 5 .8 0 #
(Gdig  + 2CgH.^N ) r e q u i r e s  Cd s  4 5 .9 2 #
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P ré p a ra t io n  of the cadmium d e r iv a t iv e  of 8 -hydroxy-q u ino11ne
A s o l u t i o n  o f  cadmium s u l p h a t e  was n e u t r a l i s e d  to 
f a i n t  t u r b i d i t y  w i t h  sodium c a r b o n a t e  s o l u t i o n  and j u s t  
c l e a r e d  w i t h  d i l u t e  a c e t i c  a c i d .  The m i x t u r e  was warmed,
3-5 g rm s .  o f  sodium a c e t a t e  were added  and 2% a l c o h o l i c  
s o l u t i o n  o f  8 - h y d r o x y - q u i n o l i n e  ( ô x i n e * )  s t i r r e d  i n  u n t i l  
th e  l i q u i d  showed g o ld e n  y e l l o w  above th e  p a l e  lemon y e l l o w  
o f  th e  p r e c i p i t a t e .  Then th e  m i x t u r e  was b r o u g h t  n e a r l y  to  
b o i l i n g .  I t  v/as a l l o w e d  to  s t a n d  f o r  a few m i n u t e s ,  th e n  
f i l t e r e d ,  washed w i t h  h o t  w a t e r  and a i r  d r i e d  a t  room 
t e m p e r a t u r e .
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  compound was t r e a t e d  w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  i n  a p l a t i n u m  c r u c i b l e  and 
h e a t e d  u n t i l  the  m i x t u r e  gave  o f f  no more a c i d  fum es .  The 
r e s i d u e  was d i s s o l v e d  i n  d i s t i l l e d  w a t e r ,  the  s o l u t i o n  
made up to  lO O ccs ,  and 50 cc p o r t i o n s  e l e c t r o l y s e d  a s  
p r e v i o u s l y  d e s c r i b e d .
W eight o f  compound s  0 .7 0 1 8  grm,
1 .  Weight o f  cadmium d e p o s i t e d  = 0 .0 9 0 1  ” Cd s 2 5 .7 0 #
2 .  " " " " r  0 .0 9 0 0  " Cd = 2 5 .6 4 #
Cd(C H ON) .2 3  0 R e q u i r e s  Cd = 2 5 . 7 5 #
9 6  2 2
The above m ethod o f  p r e p a r a t i o n  o f  t h i s  compound i s  t h a t
58
u ae û  i n  th e  q u a n t i t a t i v e  e s t i m a t i o n  o f  cadmium and i s  due
•7Q 37
bo Berg'-' and  Berg and  V/urrn
P r e p a r a t i o n  o f  cadmium h y d razo n lu m  s u l p h a  be Cd30^(N_H ) SO
38The m ethod o f  O u r t l u s  and S c h r a d e r  was a d o p t e d .
A s o l u t i o n  o f  cadmium s u l p h a t e  was t r e a t e d  w i t h  a  s o l u t i o n  
o f  h y d r a z i n e  s u l p h a t e  a c c o r d i n g  to  th e  e q u a t i o n
GdSO  ^ + 2 {HgH^)H2 S04  :  OdSO^(NgI%)gSO^ f  HgSO^
A w h i te  c r y s t a l l i n e  p r e c i p i t a t e  was o b t a i n e d  i m m e d ia t e l y .
The m i x t u r e  was f i l t e r e d ,  t h e  p r e c i p i t a t e  washed w i t h  a l i t t l e  
w a t e r  and  a i r  d r i e d  a t  room t e m p e r a t u r e .
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  s u b s t a n c e  was t r e a t e d  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d  and b o i l e d  to  e f f e c t  d e c o m p o s i t i o n  
o f  th e  com plex .  Then th e  s u l p h a t e  was p r e c i p i t a t e d  
c o m p l e t e l y  a s  b a r iu m  s u l p h a t e  by th e  a d d i t i o n  o f  b o i l i n g  
b a r iu m  c h l o r i d e  s o l u t i o n .  The b a r iu m  s u l p h a t e  was f i l t e r e d  on 
to  a s i n t e r e d  g l a s s  c m c i b l e , washed u n t i l  f r e e  from c h l o r i d e  
and d r i e d  a t  I2C? C, The l a t t e r  p r o c e s s e s  were r e p e a t e d  
u n ÿ i l  a c o n s t a n t  w e ig h t  was r e c o r d e d .
1.  W eight o f  compound s  0 .2 9 8 4  grm.
Weight o f  b a r iu m  s u l p h a t e  b 0 .3 7 5 4  grm, *80^ s  5 1 . 7 5 ^
2 .  Weight o f  compound s  0 .3 8 6 1  ”
Weight o f  b a r iu m  s u l p h a t e  b 0 .4 8 6 2  " '8 0 ^  r  5 1 . 8 0 ^
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3 .  W eight o f  compound r  0 .3 0 4 7  grm*
Weight o f  b a r iu m  s u l p h a t e -  0 . 3 8 4 4  " 'SO^ r  5 1 . 8 9 ^
GdSO (N H ) SO. r e q u i r e s  'SO = 5 1 . 8 2 #
4 2  5 2  4
P r e p a r a t i o n  o f  cadmium i o d a t e .  Cd(IOg)^
T h i s  compound was o b t a i n e d  by p r e c i p i t a t i o n  f rom 
s o l u t i o n s  o f  cadmium s u l p h a t e  and p o t a s s i u m  i o d a t e  by  th e  
m ethod  o f  Ram m elsberg^^ .  The w h i t e  m i c r o -  c r y s t a l l i n e  
p r o d u c t  was w e l l  d r a i n e d  on a  f i l t e r  and washed w i t h  a 
l i t t l e  c o l d  w a t e r .  I t  i s  somewhat s o l u b l e  i n  w a t e r  when 
damp. A f t e r  d r y i n g  i n  a d e s i c c a t o r  o v e r  c a l c iu m  c h l o r i d e  
i t  was a n a l y s e d .
A n a l y s i s .
A w eighed  q u a n t i t y  o f  th e  compound was t r e a t e d  w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  i n  a p l a t i n u m  c r u c i b l e  and 
h e a t e d  u n t i l  a l l  t h e  i o d i n e  was l i b e r a t e d  and th e  r e s i d u e  
c o n s i s t e d  o f  cadmium s u l p h a t e .  The s o l u t i o n  was made up to  
250 C C S .  and 50 c c .  p o r t i o n s  were e l e c t r o l y s e d .
W eight  o f  cadmium i o d a t e  -  1 .6 7 5 4  grm.
1 .  W eight  o f  cadmium d e p o s i t e d  z  0 .0 8 1 0  ” Cd -  2 4 .1 8 ^
2 . " " ” " :  0 .0 8 1 2  ” Gd r  2 4 .2 4 ^
Cd(1 0 ^ ) 2  r e q u i r e s  Gd m 2 4 .3 1  %
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P r e p a r a t i o n  o f  cadmium b o r o f l u o r i d e  Cd(BP ) .VH^O
4 2  2
Cadmium c a r b o n a t e  was added to  b o r o f l u o r i c  a c i d  
u n t i l  th e  m i x t u r e  was n e u t r a l .  The s o l u t i o n  was e v a p o r a t e d  
i n  a  p l a t i n u m  d i s h  on a w a t e r  b a t h  and s e t  a s i d e  to  
c r y s t a l l i s e .  C o l o u r l e s s  n e e d l e s  s e p a r a t e d  which  were s o l u b l e  
i n  w a t e r  and i n  a l c o h o l .  They were a i r  d r i e d  b u t  fo u n d  to 
be d e l i q u e s c e n t ,  t h e r e f o r e  were d r i e d  i n  a d e s i c c a t o r  o v e r  
c a lc iu m  c h l o r i d e .
A n a l y s i s .
A, w eighed  q u a n t i t y  o f  th e  s u b s t a n c e  was c o n v e r t e d  to  
th e  s u l p h a t e  by e v a p o r a t i o n  i n  a p l a t i n u m  c r u c i b l e  w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The r e s i d u e  was d i s s o l v e d  i n  
d i s t i l l e d  w a te r a a h d  th e  s o l u t i o n  made up to  250 c c s .  and 
50 cc p o r t i o n s  e l e c t r o l y s e d .
Weight o f  m a t e r i a l  % I . 2175 grm.
1 .W e ig h t  o f  cadmium d e p o s i t e d  -  0 .0 6 6 5  ” Cd -  2 7 .3 2 %
2 .  " ** " g 0 .0 6 6 4  " Cd r  2 7 .3 9 ^
T h i s  p e r c e n t a g e  o f  cadmium c o r r e s p o n d s  to  t h a t  i n  th e
compound Cd(BF.)  .7H 0 namely Cd % 2 7 .2 8 ^^ 2 2
A compound o f  th e  b o r o f l u o r i d e  ty p e  h a s  n o t  b e e n
p r e v i o u s l y  d e s c r i b e d  i n  the  c a s e  o f  cadmium, so a f u r t h e r
q u a n t i t a t i v e  a n a l y s i s  was made i n  o r d e r  to  c o n f i r m  the
e x i s t e n c e  o f  C d (B F .)^ .7 H  0 .4 2 2
A weighed  q u a n t i t y  o f  th e  compound was t h e r e f o r e  h e a t e d  
g e n t l y  on a p l a t i n u m  c r u c i b l e  a n t i l  i t  was o f  c o n s t a n t
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w e i g h t .  Cadmium f l u o r i d e  CdPg was l e f t ,  showing t h a t  th e  
s u b s t a n c e  had  l o s t  w a t e r  and  b o ro n  t r i - f l u o r i d e  on h e a t i n g
E s t i m a t i o n  o f  CdPn i n  cadmium b o r o f l u o r i d e .
Weight o f  b o r o f l u o r i d e  s  0 .6 1 9 4  grm.
Weight o f  GdEg = 0 .2 2 4 6  "
CdP -  3 6 .2 5 #
2  -
Cd(BP .)  .7H .0  r e q u i r e s  CdP = 3 6 ,5 1 #
Hence th e  e x i s t e n c e  o f  cadmium b o r o f l u o r i d e  Gd(3P ) .7H^0
4  2 2
i s  c o n f i r m e d .
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IvîETHOD AND APPARATUS FOR SUSCEPTIBILITY DBTERIvIINATIONS.
The m a g n e t i c  s u s c e p t i b i l i t y  o f  a s u b s t a n c e , K, h a s  
b ee n  d e f i n e d  a s  th e  r a t i o  o f  th e  i n t e n s i t y  o f  m a g n e t i s a t i o n ,  
I ,  to  th e  f i e l d , H ,  p r o d u c i n g  i t .
I . e .  K :  i
Many d i f f e r e n t  m e thods  i n v o l v i n g  v a r i o u s  t y p e s  o f  
a p p a r a t u s  a r e  i n  u s e  f o r  the  m easu rem en t  o f  m a g n e t i c  
s u s c e p t i b i l i t y ,  and e a c h  h a s  i t s  s p e c i a l  v a l u e  f o r  th e  ty p e  
o f  work u n d e r : i n v e s t i g a t i o n .
F o r  th e  s u s c e p t i b i l i t y  o f  cadmium and i t s  compounds 
a  s e n s i t i v e  a p p a r a t u s  was n e c e s s a r y  s i n c e  th e  s u s c e p t i b i l i t y  
i s  s m a l l .  The Gouy method was a d o p t e d ,  th e  s u b s t a n c e  whose 
m a g n e t i c  s u s c e p t i b i l i t y  was r e q u i r e d  b e i n g  su sp en d ed  by a 
f i n e  p l a t i n u m  w i r e  i n  a  s t r o n g  n o n - u n i fo r m  m a g n e t i c  f i e l d . , 
p ro d u c e d  by an e l e c t r o  -m ag n e t .  The r e p u l s i v e  o r  a t t r a c t i v e  
f o r c e  b e tw e en  th e  s u b s t a h c e  and th e  m agnet  p r o d u c i n g  th e  
f i e l d ,  b e i n g  d e t e r m in e d  by w e ig h i n g .
D e s c r i p t i o n  o f  a p p a r a t u s . ( s e e  p h o t o g r a p h  and d ia g ram  5 )
The a p p a r a t u s  c o n s i s t s  e s s e n t i a l l y  o f  an e l e c t r o ­
m a g n e t ,  M, o f  2 0 ,0 0 0  t u r n s  w h ich  i s  c a p a b l e  o f  c a r r y i n g  a 
c u r r e n t  o f  5 amps. Using a  c u r r e n t  o f  3 amps, a t  220 v o l t s  
a f i e l d  o f  a b o u t  5 ,0 0 0  g a u s s  was p ro d u c e d  when th e  a p e r t u r e  
b e tw een  th e  p o l e  p i e c e s  was 1 . 2  cms. The s o f t  i r o n  p o l e
42A
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p i e c e s ,  P, a r e  m ovable  so t h a t  the  a p e r t u r e s  may be v a r i e d ,  
and a r e  sc rew ed  to  th e  m agnet  by means o f  h a n d -  b o l t s .
The d i s t a n c e  p i e c e s ,  d ,  made o f  b r a s s  a r e  sc rew ed  i n t o  s l o t s  
i n  th e  p o l e  p i e c e s  th u s  m a i n t a i n i n g  c o n s t a n t  th e  w id th  o f  
th e  a p e r t u r e .  They c o n t a i n  a  c i r c u l a r  h o l e  i n  th e  c e n t r e ,  
th r o u g h  w hich  th e  tube  c o n t a i n i n g  th e  s u b s t a n c e  may p a s s  f r e e l y .
The c u r r e n t  was c o n t r o l l e d  by means o f  a  v a r i a b l e  
r h e o s t a t ,  Z, and was r e g i s t e r e d  by an am m eter .  A, i n  the  
c i r c u i t ,  and S i s  a  two p o l e  s w i t c h .
A s p e c i a l l y  s e n s i t i v e  b a l a n c e  o f  th e  Bunge s h o r t  beam 
t y p e ,  c a p a b l e  o f  w e ig h in g  to  O.OI mg. i s  m ounted  on th e  b e n c h  
a b o u t  a f o o t  above th e  e l e c t r o - m a g n e t , and i s  e n c l o s e d  i n  
a c a se  B. The l e f t  hand  s c a l e  pan  and s u p p o r t  a r e  r e p l a c e d  
by a l i g h t  a lum in ium  s u p p o r t  and d i s c  P  ^ which  c a r r i e s  on 
i t s  l o w e r  s i d e  a h o ok .  From th e  hook i s  su sp e n d ed  a  f i n e  
p l a t i n u m  w i r e  w hich  p a s s e s  t h r o u g h  a h o l e  i n  th e  f l o o r  o f  
th e  b a l a n c e  ca se  and b e n c h .  To th e  l o w e r  end o f  t h i s  w i re  
i s  a t t a c h e d  a c o p p e r  s t i r r u p  f rom  w hich  i s  su sp e n d e d  the  
t u b e ,  t ,  c o n t a i n i n g  th e  s u b s t a n c e  u n d e r  i n v e s t i g a t i o n .  The 
s u s p e n s i o n  i s  a d j u s t e d  so t h a t  th e  b o t to m  o f  th e  tu b e  i s  
e x a c t l y  l e v e l  w i t h  a mark on th e  c e n t r e  o f  th e  p o l e  p i e c e s  
o f  th e  e l e c t r o -  m a g n e t , th e  l a t t e r  b e i n g  a r r a n g e d  so t h a t  
th e  gap b e tw een  th e  p o l e  p i e c e s  i s  v e r t i c a l l y  below  th e  
h o l e  i n  th e  b e n c h .
I t  was fo u n d  n e c e s s a r y  to  p r o t e c t  the  s u s p e n s i o n
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f rom  d r a u g h t s  and from c o n v e c t i o n  c u r r e n t s  c a u se d  by th e  
p o s s i b l e  o v e r h e a t i n g  o f  th e  m a g n e t ,  a s  t h e s e  would have  a 
s e r i o u s  e f f e c t  on th e  o s c i l l a t i o n s  by w h ich  th e  w e ig h t  i s  
o b t a i n e d .  T h e r e f o r e  the  p a r t  o f  th e  s u s p e n s i o n  b e tw een  th e  
b a l a n c e  c a s e  and th e  b en c h  was s u r ro u n d e d  by a c o p p e r  tu b e  
C, and th e  l o w e r  p a r t  b e tw e en  th e  tu b e  and th e  p o l e  p i e c e s  
was p r o t e c t e d  by a wooden box w i t h  d e t a c h a b l e  f r o n t .
The whole o f  th e  a p p a r a t u s  be low  th e  b e n c h  was b o a r d e d  i n  
to  p r e v e n t  d r a u g h t s  a s  much a s  p o s s i b l e .
The tube  i n  w h ich  th e  s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  
i s  p l a c e d  i s  c o n s t r u c t e d  a s  f o l l o w s : -  I t  c o n s i s t s  o f  a l o n g  
g l a s s  tube  a b o u t  0 . 6  cm. i n  d i a m e t e r  and I I  cm. l o n g ,  c l o s e d  
a t  th e  l o w e r  e n d .  At a d i s t a n c e  o f  1 .5  cm. f rom  th e  open end 
o f  th e  tube  a r e  s e a l e d  two s m a l l  g l a s s  arms by which  th e  tube  
i s  s u s p e n d e d  i n  th e  c o p p e r  s t i r r u p  ( s e e  d ia g ra m  6 ) .  I n  o r d e r  
to  c a r r y  o u t  th e  m easurem en t  o f  th e  s u s c e p t i b i l i t y  o f  
d e l i q u e s c e n t  s u b s t a n c e s  th e  tu b e  may be f i t t e d  w i t h a  a g round  
g l a s s  s t o p p e r  so t h a t  i t  i s  c o m p l e t e l y  a i r - t i g h t .
The m easu rem en t  o f  th e  mass s u s c e p t i b i l i t y  i s  e f f e c t e d  
by p a c k in g  th e  tu b e  t i g h t l y  and u n i f o r m l y  w i t h  th e  powdered  
m a t e r i a l  up to  a g i v e n  h e i g h t  L c m s . ,  w h ich  m ust  be  su ch  
t h a t  th e  top  o f  th e  column i s  o u t s i d e  th e  f i e l d .  The f i e l d  
v e r t i c a l l y  above th e  p o l e  p i e c e s  was e x p l o r e d ,  th e  tube  b e i n g  
f i l l e d  w i t h  s o l i d  c o p p e r  s u l p h a t e  and g r a d u a l l y  r a i d e d ,  u s i n g  









th e  c e n t r e  o f  th e  p o l e  p i e c e s ,  th e  p u l l  was o n ly  I  p e r  c e n t  
o f  i t s  o r i g i n a l  v a l u e  becom ing z e r o  a t  6 cm. above th e  m ark .  
Hence a column o f  m a t e r i a l  a b o u t  8  cms. i n  l e n g t h  was u s e d  
f o r  a l l  m e a s u re m e n ts .  A mark was e t c h e d  on th e e  tu b e  and the  
volume to  t h i s  p o i n t  d e t e r m i n e d .  The f i e l d  was fo u n d  to  be 
c o n s t a n t  f o r  0 . 4  cms. e i t h e r  above o r  be low  th e  c e n t r e  o f  
th e  p o l e  p i e c e s ,  so t h a t  even  when w e ig h in g  by o s c i l l a t i o n s ,  
th e  b o t to m  o f  th e  tube  was w e l l  w i t h i n  th e  maximum f i e l d .
The tu b e  c o n t a i n i n g  th e  s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  
i s  a r r a n g e d  so t h a t  i t  hangs  v e r t i c a l l y  and s y m m e t r i c a l l y  
b e tw e en  th e  p o l e  p i e c e s  w i t h  th e  lo w e r  end l e v e l  w i t h  the  
c e n t r e  m a rk .  Then th e  tu b e  i s  w e ighed  by th e  ihethod o f
o s c i l l a t i o n s .  The c u r r e n t  i s  s w i t c h e d  on and  th e  r e s i s t a n c e
a d j u s t e d  u n t i l  th e  ammeter  r e g i s t e r s  3 amps. The tu b e  and 
i t s  c o n t e n t s  i s  a g a i n  weighed  and th e  d i f f e r e n c e  i n  w e ig h t  
n o t e d .  T h is  d i f f e r e n c e  i s  due to  th e  f o r c e  o f  a t t r a c t i o n  o r  
r e p u l s i o n  b e tw een  th e  s u b s t a n c e  and  th e  m agnet  and f rom  i t  
th e  m a g n e t i c  s u s c e p t i b i l i t y  may be c a l c u l a t e d  a s  f o l l o w s : -
I f  A » a r e a  o f  c r o s s  s e c t i o n  o f  c y l i n d e r  i n  s q .  cms
L -  l e n g t h  o f  column o f  m a t e r i a l  i n  cms. ( see  d ia g ra m  7 )
F r  p u l l  e x e r t e d  on th e  c y l i n d e r  i n  d y n e s .
^ 2  z p e r m e a b i l i t y  o f  th e  m a t e r i a l ,
yUg r  ” ** " mediuin { a i r  ) .
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-  volume s u a c e p t i b i l i b y  o f  the  m a t e r i a l .
Kg s  ** ** " medium ( a i r  ) .
2  f i e l d  a t  th e  b o t to m  o f  c y l i n d e r  i n  g a u s s .
Hg X " " " top" " " " "
The f o r c e  on m a t e r i a l  o f  p e r m e a b i l i t y  u^  su sp e n d ed  i n  a  
medium o f  p e r m e a b i l i t y  Ug i s  g i v e n  by
p  = a J  Mt . 4 )
8
I . e .  P .  i  A Hg )
K = 2 P +
2 2 
A(H].- Hg)
The mass s u s c e p t i b i l i t y  r  ^  » where d it d e n s i t y .
d
T h e r e f o r e  ^ d  .     + ' ) (& % ?  -
A(Hj -  Hg)
b u t  d 2  ^  where w % w e ig h t  o f  s u b s t a n c e .
LA
* 2PL
T h e r e f o r e  s  j. ^
2  /  . - a i r
w(H^ -  Hg)  ^
Hg i s  z e r o  p r o v i d e d  s u f f i c i e n t  l e n g t h  o f  m a t e r i a l  i s  u s e d .
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and  L and  a r e  c o n s t a n t  f o r  a g i v e n  l e n g t h  o f  column 9
and a p e r t u r e  o f  p o l e  p i e c e s .
■ " ) C a l r  '  0 . 0 3  X  lo"®
Hence = o<P +  LA x  0 . 0 3
w w
where cA i s  a c o n s t a n t  f o r  th e  a p p a r a t u s .
I f  F i s  m e asu red  i n  m i l l i g r a m s ,  w i n  g ra m s ,  L i n  c e n t i m e t r e s  
and A i n  s q .  c e n t i m e t r e s ,  t h e n
e x  z 2L X 10^ X 981 i n  C .G .S .  u n i t s .
2
X  1600
S in ce  i t  i s  v e r y  d i f f i c u l t  to  p r o c u r e  t u b e s  o f  n o n -m a g n e t ic  
g l a s s ,  t h e  m easurem en t  i s  f i r s t  made w i t h  th e  empty tu b e  
and  s u b s e q u e n t  r e a d i n g s  o f  t h e  p u l l  F a r e  c o r r e c t e d  f o r  t h i s .  
The c o n s t a n t ,  o< f o r  a g i v e n  l e n g t h  o f  column o f  m a t e r i a l  
and  a p e r t u r e  b e tw e en  th e  p o l e  p i e c e s ,  i s  d e t e r m in e d  f i r s t  
by u s i n g  d i f f e r e n t  s u b s t a n c e s  o f  known s u s c e p t i b i l i t y ,  and 
t a k i n g  th e  a v e r a g e  o f  th e  r e s u l t  o b t a i n e d .
D e t a i l e d  m ethod o f  m e a s u re m e n t .
The s u s c e p t i b i l i t y  tu b e  was f i r s t  washed t h o r o u g h l y  
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  w a t e r ,  a l c o h o l  and f i n a l l y  
r i n s e d  w i t h  e t h e r ,  and  d r i e d  c a r e f u l l y .  I t  was su sp en d ed  
f rom  th e  hook on th e  b o t to m  o f  th e  b a l a n c e  pan  by means o f
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a f i n e  p l a t i n u m  w ir e  a t t a c h e d  to  a  b r a s s  s t i r r u p  a s  shown 
i n  d ia g ra m  6 . I t  was a r r a n g e d  so t h a t  th e  l o w e r  end o f  th e  ' 
tu b e  was l e v e l  w i t h  th e  c e n t r e  o f  th e  p o l e  p i e c e s  o f  th e  
magnet and i t  hung v e r t i c a l l y  and s y m m e t r i c a l l y  be tw een  
them. The a p p a r a t u s  was th e n  l e f t ,  w i t h  th e  s c r e e n s  i n  p l a c e , 
f o r  a b o u t  t e n  m in u t e s  to  a t t a i n  room t e m p e r a t u r e  and f o r  
th e  tu b e  to become s t e a d y .
The tube  was w eighed  i n  th e  o r d i n a r y  way to  O.OI grra.
th e  r i d e r  b e i n g  on th e  z e ro  o f  th e  beam s c a l e .  The r i d e r  was
moved u n t i l  a p o i n t  was r e a c h e d  when th e  combined w e ig h t  on 
th e  pan  and r i d e r  was j u s t  too  l i g h t .  The beam was r a i s e d  
by t u r n i n g  th e  b a l a n c e  l e v e r  c a r e f u l l y  u n t i l  t h e  p o i n t e r  
swung t h r o u g h  5 - 8  s c a l e  d i v i s i o n s .  F iv e  s u c c e s s i v e  
t u r n i n g  p o i n t s  were th e n  r e a d  o f f .  The r i d e r  was moved 
one o r  two d i v i s i o n s  so t h a t  th e  combined w e i g h t s  on s c a l e  
pan  and r i d e r  were j u s t  a  t r i f l e  h e a v y .  Again  f i v e  
s u c c e s s i v e  t u r n i n g  p o i n t s  were r e a d  o f f  and  th e  w e ig h t  o f  
th e  tube  to  O.OI mg. was c a l c u l a t e d .
The c u r r e n t  was s w i t c h e d  on and th e  tu b e  was a f f e c t e d
by th e  m a g n e t i c  f i e l d  p r o d u c e d .  I t  was fo u n d  t h a t  th e  w e ig h t
r e c o r d e d  was too  g r e a t , so th e  r i d e r  was moved to  th e  l e f t  
u n t i l  p o i n t s  were r e a c h e d  a t  7/hich th e  w e ig h t s  were too 
l i g h t  and too  heavy  r e s p e c t i v e l y .  F iv e  s u c c e s s i v e  t u r n i n g  
p o i n t s  were t a k e n  i n  e a c h  c a s e ,  and  the  w e ig h t  o f  th e  tube  
u n d e r  th e  i n f l u e n c e  o f  th e  m a g n e t i c  f i e l d  was d e t e r m in e d
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to  O.OI mg. I n  o r d e r  n o t  to  o v e r h e a t  th e  m agnet  th e  c u r r e n t  
was s w i t c h e d  on and o f f  b e tw een  movements o f  th e  r i d e r ,  and 
r e a d i n g s  i n  and o u t  o f  th e  f i e l d  were made a s  r a p i d l y  a s  
p o s s i b l e  so t h a t  th e  t e m p e r a t u r e  s h o u ld  n o t  v a r y  a p p r e c i a b l y .  
The t e m p e r a t u r e  i n  th e  n e ig h b o u rh o o d  o f  th e  p o l e  p i e c e s  
was t a k e n  a t  th e  c o n c l u s i o n  o f  one co m p le te  s e t  o f  r e a d i n g s  
by means o f  a th e rm o m e te r  p l a c e d  b e tw een  them. R e s u l t s  
were d i s r e g a r d e d  i f  the  t e m p e r a t u r e  r o s e  more th a n  I^C 
d u r i n g  a  m e asu rem e n t .  The magnet  c o i l s  were c o o le d  b e tw een  
m e asu rem e n ts  by means o f  an  e l e c t r i c  f a n .  S e v e r a l  
m e asu rem e n ts  were made and th e  a v e r a g e  v a l u e  t a k e n .
In  o r d e r  to  f i n d  th e  c o n s t a n t  o f  th e  a p p a r a t u s  f o r  
a  g i v e n  l e n g t h  o f  column o f  m a t e r i a l  and f i e l d ,  - the  tube  
was f i l l e d  w i t h  a s u b s t a n c e  o f  known s u s c e p t i b i l i t y ,  and 
th e  f o r c e  F d e t e r m i n e d  a s  d e s c r i b e d .  I n  th e  c a se  o f  a  s o l i d ,  
i t  was p a c k e d  a s  a  v e r y  f i n e  pov/der,  i n t o  th e  tube  and e v e r y  
3 mm. o r  so rammed down t i g h t l y  w i t h  a  g l a s s  r o d .
The volume o f  th e  tu b e  up to  t h e  g i v e n  h e i g h t  L cms. 
was d e t e r m i n e d  by w e ig h in g  àhe tu b e  f i r s t  em p ty ,  th e n  
c o n t a i n i n g  t h i s  volume o f  w a t e r  a t  a known t e m p e r a t u r e .
The volumé v oca was s u b s t i t u t e d  i n  th e  e q u a t i o n  f o r  th e  
p r o d u c t  LA.
The mean f o r c e  due to  th e  tube  a l o n e  was found  from  
th e  f o l l o w i n g  r e s u l t s : -
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F o rc e  due bo tu b e  o n l y .
W eight o f  tu b e  P u l l  due to  
T e m p e r a t u r e . Weight o f  t u b e , i n  f i e l d .   f i e l d  on t u b e .
19 C. 7 .3 6 2 9  3 grm. 7 .3 6 2 1 2 grm. -  0 .0 0 0 8 1 grm.
19’ C. 7 .3 6 2 9 1 t f 7 .3 6 2 1 2 tt -  0 .0 0 0 7 9 t l
2 1 ° G. 7 .3 6 2 9 1 tf 7 .3 6 2 0 9 g -  0 .0 0 0 8 2 tt
20° G. 7 .3 6290 If 7 .3 6 2 1 2 tt -  0 .0 0 0 7 8 tt
19° 0 . 7 .3 6 2 9 2 tt 7 .3 6 2 1 3 tt -  0 .0 0 0 7 9 f t
19° G. 7 .3 6 2 9 2 7 .3 6 2 1 2 tt -  0 .0 0 0 7 7 tf
Mean v a l u e  o f  p u l l  f o r  tu b e  a l o n e  % -  0 .7 9  mg.
D e t e r m i n a t i o n  o f  th e  c o n s t a n t  o : f o r  a  g i v e n  l e n g t h  o f  
column and a  g iv e n  f i e l d .
I .  U sing  p u r e  A.R. sodium c h l o r i d e ,  d r i e d  and f i n e l y  
po w d ered ,  and  pack ed  t i g h t l y  i n t o  th e  tube  up to  th e  m ark ,  
th e  f o r c e  due to  th e  tu b e  and sodium c h l o r i d e  was fo u n d .  
Weight  o f  tu b e  and c o rk  % 7 .4 4 5 6 5  grm.
P u l l  f o r  tu b e  a l o n e  
Lenghh o f  column 
Volume o f  column 
S u s c e p t i b i l i t y  o f  NaOl 
T em p e ra tu re
W eight  o f  tu b e  and H a d
t l  t l  ! t
s  -  0 . 7 9  mg. 
z 7 .8 0  cms.
2  5 .9 7 3  C C S .  
s  -  0 .4 9 9  xio"^ 
t  19° C.
r  1 3 .3 4 2 5 2  grm
" " i n  f i e l d  s  1 3 .3 3 7 0 7  grm. 
P u l l  F due to  tube  and NaOl s  -  5 .45  mg.
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P u l l  F* due to  f i e l d  on NaCl -  -4 .6 6  mg. 
Weight of  NaCl c 5.39689 grm.
From the  e q u a t io n  " '^ 1 0 ^  r  0 .0 5  x LA + F '
w w
-  0 .499  s  0 . 0 5  X  3 .973  -  4 .66  ^
5.89689 5 .89689
i . e .  o<  s  0 .0 3  X  3 .973  t  0 .499  x 5.89689
4 .66
^  s  0 .657
Taking f u r t h e r  m easurem en ts ,  the  r e s u l t s  were a s  f o l l o w s  : -
I .  Using A.R. sodium c h l o r i d e
W t.of  tube Wt of  tube 
Temp. & m a t e r i a l  Sc m a t e r i a l  P u l l  F.
in  f i e l d .
Wt of
P u l l  F*. m a t e r i a l  C ons tan tex.
19 13.34252 g ,  13.33707 g .
20° 13.18767 " 13 .18234  "
18° 13.20543 " 13.20007 "
19° 13.27631 " 13 .27094 "
-  5 .45  mg.
-  5 .3 3  "
-  5 .3 6  "
-  5 .3 7  "
-  4 .66  mg 5.89689 g 0 .657
-  4 .5 4  " 5 .74204  ” 0 .661
-  4 .5 7  " 5 .76980 " 0 .656
-  4 .58  " 5 .83068 " 0 .660
Mean v a lu e  % 0 .659
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2.  Using A.R. benzene { d r i e d  and d i s t i l l e d  ) 0 .712  x 10
Wb of  tube Wt of  tube Wt o f
Temp.& m a t e r i a l . & m a t e r i a l  P u l l  F .  P u l l  F^ m a t e r i a l  C ons tan t
in  f i e l d .
-6
1 8 10.94960 g. 10.94485 6 . -  4.75mg -  3,96mg. 3.50397 S 0 .6 6 0
o
19 10,95010 tt 1 0 . 9 4 5 2 4 ft -  4 . 7 6  " -  3 .97 3 . 5 0 4 4 7 ft 0.659
c
1 8 10,95076 tl 10.94600 tt -  4 . 7 6  " -  3 .97  " 3 .50513 tt 0 .658
20^ 10.95103 tt 10.94527 tt -  4 .76  " -  3 .97  " 3.50450 tt 0.659
Meam v a lu e  -  0 ,659
Mean o f  I  and 2 ^  % 0 ,659
C o n s tan t  f o r  l a r g e  tube z  0 .659
F orce  due to sm a l l  tube  o n ly .
Weight of  tube P u l l  due to f i e l d  
T em p e ra tu re . Weight o f  t u b e . i n  f i e l d .   on tu b e .__________
19 C. 5.510X8 grm. 5.50977 grm. -  0 .00041
21° G. 5 .5 I 0 I 9 ft 5.50980 It -  0 .00039
26 C. 5 . 5 I 0 I 8 5.50976 tt -  0 .00042
20" C. 5 . 5 I 0 I 8 tt 5.50978 tt -  0 .00040
19" C. 5 .51022 ft 5.50980 tl -  0 .00042
20l5*C. 5 . 5 I 0 I 7 tl 5.50977 tt -  0 .00040
21* C. 5 . 5 I 0 I 4 tl 5.50973 It -  0 .00041
Mean v a lue  of p u l l  due to f i e l d on sm a l l
tube  - -  0 .4 1  mg.
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Determination of the constant f o r  the small tube.
Weight o f  tube and cork % 5 .5 IÛ I8  grm.
P u l l  due to f i e l d  on tube a lo n e  r  -  0 .4 1  mg.
H eigh t  o f  column o f  m a t e r i a l  % 8 .0  cm.
V oltoe  o f  tube to mark -  I . 416 c c s . '
1 .  Using A.R. ch lo ro fo rm  ( d r i e d  and d i s t i l l e d ) ^ *  -  0 .488x  1 ^
'Wtg of  tube Wt of  tube Wt of
Temp.& m a t e r i a l .  & m a t e r i a l  P u l l  P. P u l l  F* m a t e r i a l  Cons tan t  
_______6 ü________  in  f i e l d . ________________   _ _ _ _  ^
7 .59873  g .  7 .59671 g ,  -  2 .02  mg -  1 . 61 rag 2.08855 g 0 .659 
ig"" 7 .58457 " 7 .58255 " -  2 .02  " -  1 . 61 " 2.07439 " 0 .655
20^ ' 7 .59847 " 7 .58645 " -  2 .02  " -  1 . 61 " 2.08839 " 0 .699
Mean v a lu e  z  0 .658
2 .  Using A.R. sodium c h l o r i d e  A -  -  ~ 0 .499  x 10
2 0 ° 7 .54865 g .  7 .54663  g.  -  2 .0 2  mg. -  I . 6 Img. 2 .03847 g .  0 .657
20 '  7 .56483  " 7 .56280 " -  2 .0 3  " -  1 .62  " 2.05465 " 0 .659
21 7 .56482 " 7 .56278 " -  2 .0 4  " -  1 .6 3  " 2 .05464 " 0 .655
Mean v a lu e  r  0 .657  
Mean o f  I  and 2 % 0 .657
C ons tan t  f o r  sm a l l  tube -  0 .657
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R e l a t i o n  between  l e n g t h  o f  column and c o n s t a n t .
Using A.R. sodium c h l o r i d e ,  d r i e d  and f i n e l y  powdered.
Weight o f  tube  and cork  s 7 .4 4 5 6 3  grm.
u » » tl « .  7 . 4 4 9 7 9  " f o r  x .
S u s c e p t i b i l i t y  o f  NaCl b -  0 .4 9 9  x  lO"®
P u l l  f o r  tube  a lo n e  c -  0 .7 9  mg.
L en g th  o f  column. Wt. o f  m a t e r i a l . P u l l  due to f i e l d . C o n s t a n t .
X 8 .6 5  cms. 
X  8 .6 5  "
X  8 .6 5  "
6 .4 9 7 6 4  grm 
6 .27196 "
5 .67992  "
4 .6 0  mg. 
4 .45  "
4 .0 7  "
0 .7 3 3
0 .7 3 3
0 .729
7 .8 0  "
7 .8 0  "
5 .89689
5 .7 4 2 0 4
4.66
4 .5 4
0 .6 5 7
0 .6 6 1
7 .0 0  " 5 .29180  " -  4 .4 2  " 0 .6 1 3
6 . 0 0  "
6 .0 0  "
Mean v a l u e s .
L eng th  8 ,6 5  cm. 
C o n s tan t  0 .7 3 1
4.58666
4.50901
7 .8 0  cm. 
0 .659
-  4 .5 3
-  4 .48
7 ,0 0  cm. 
0 .6 1 3
0 .525
0 .5 2 3
6 . 0 0  cm. 
0 .5 2 4
From the  above f i g u r e s ,  a g rap h  was p l o t t e d  and the c o n s t a n t  
was shown to be d i r e c t l y  p r o p o r t i o n a l  to the  l e n g t h  o f  the  
column of  m a t e r i a l .  ( see  g ra p h  )
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Discuss ion  of method.
The a p p a r a t u s  i s  n o t  a p p r e c i a b l y  a f f e c t e d  by m ag n e t ic  
s to rm s and changes i n  a tm o s p h e r ic  c o n d i t i o n s ,  whereas  t h i s  
cause made d e t e r m i n a t i o n s  by the  C ur ie  G h e n e v eau ^  b a l a n c e ,  
v e ry  d i f f i c u l t  and a t  t im es  im p o s s i b l e .  The a p p a r a tu s  can 
be used  c o n t in u o u s ly  even in  a s to rm  and g iv e s  good, 
c o n s i s t e n t  and r e p r o d u c i b l e  r e s u l t s .
S ince the  method depends on o s c i l l a t i o n s ,  i t  i s  
a b s o l u t e l y  n e c e s s a r y  to keep  i t  f r e e  from d r a u g h t s  o r  
c o n v e c t io n  c u r r e n t s .  To p r e v e n t  the  l a t t e r ,  the  magnet i s  coo led  
down to room te m p e ra tu re  between ea ch  s e t  o f  m easurem en ts ,  
and i t  i s  a d v i s a b l e  to have the  c u r r e n t  f lo w in g  th ro u g h  the  
c o i l s  o f  the  e l e c t ro m a g n e t  on ly  f o r  a  few m in u te s  a t  a t im e .  
M o is tu re  i n  the  a tm osphere  ca u ses  an a l t e r a t i o n  o f  
the d i e l e c t r i c  c o n s t a n t  o f  a i r  and the  f i e l d  between the  
p o l e s  of  the  e l e c t ro m a g n e t  i s  a f f e c t e d ,  b u t  o n ly  to a v e ry  
s l i g h t  e x t e n t  which i s  n e g l i g i b l e ,  o r  p r a c t i c a l l y  so .
The a p p a r a t u s  i s  e x t re m e ly  s e n s i t i v e ,  and e n a b le s  
work to be c a r r i e d  ou t  w i th  s u b s t a n c e s  o f  sm a l l  m ag n e t ic  
s u s c e p t i b i l i t y .  I t  g i v e s  r e s u l t s  which a r e  a c c u r a t e  to 
w i t h i n  1% and t h i s  i s  q u i t e  ad e q u a te  f o r  o r d i n a r y  
d e t e r m i n a t i o n s .
The p u l l  on the  tube was checked from time to  time 
d u r in g  the  s e r i e s  o f  m easu rem en ts ,  and was found to  be
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s e n s i b l y  c o n s t a n t ,  v a r y in g  n o t  more th a n  0 . 0 2  rag which
shows t h a t  c o n s i s t e n t  r e s u l t s  may be o b t a i n e d .
Since the  method o f  measurement in v o lv e s  on ly
w e ig h in g s ,  i t  i s  p o s s i b l e  to c a r r y  o u t  a complete  s e r i e s
of  f i v e  o r  s i x  measurements  in  a day .  In  t h i s  case  a tm o s p h e r ic
c o n d i t i o n s  a r e  a p p ro x im a te ly  the  same and the s u b s ta n c e
u n d e r  i n v e s t i g a t i o n  i s  no t  k e p t  exposed  f o r  any l e n g t h  of
time d u r in g  which i t  m ight  undergo change in  co m p o s i t io n .
A sm a l l  e r r o r  in  the e x p e r i m e n ta l  .work may a r i s e
from uneven p ack in g  of  the m a t e r i a l  i n  the  tu b e .  The powdered
su b s ta n c e  was rammed down in  the  tube w i th  a g l a s s  rod  of
n e a r l y  the  same d ia m e te r  as  the  t u b e ,  in  sm a l l  q u a n t i t i e s
in  o r d e r  to  m in im ise  t h i s  source  of  e r r o r .
The e q u a t io n  10^ = 0 .0 3  LA + F , i n v o lv e s  the
w w
r a t i o  F , hence i t  i s  e v i d e n t  t h a t  sm a l l  l o c a l  v a r i a t i o n s  
w
i n  the  d e n s i t y  of  the  column w i l l  on ly  g iv e  an e r r o r  of  the  
second o r d e r  in  the  c a l c u l a t i o n  of  the  m ag n e t ic  
s u s c e p t i b i l i t y .
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mASUREIvIBNT OF MAGNETIC SUSCEPTIBILITIES.
In  the  f o l lo w in g  s e t s  o f  measurements
C o n s tan t  f o r  a column of  m a t e r i a l  7 .8 0  cms h i g h  in  the  
l a r g e  tube % 0 .659  
C ons tan t  f o r  a column of  m a t e r i a l  é.O cms h ig h  in  the 
sm a l l  tube % 0 .657  
The f i r s t  column of  r e s u l t s  g iv e s  the  te m p e ra tu re  measured 
between the p o l e s  o f  the  m agne t ,  the  second column g iv e s  
the  weigh t  o f  m a t e r i a l  i n  the  t u b e ;  the  p u l l  due to  the  
s u b s ta n c e  i s  g iv e n  in  the t h i r d  column,and i s  o b ta in e d  by 
s u b t r a c t i o n  of  the  p u l l  o f  the  empty tube from the  p u l l  on 
the  tube f i l l e d  w i th  m a t e r i a l .  The l a s t  column g iv e s  the  
mass s u s c e p t i b i l i t y .
Pure cadmium.
T e m p e ra tu r e . W e ig h t . P u l l .  Mass s u s c e p t i b i l i t y .
22* C. 10.19870 grm. -  2 . 6 4 mg.
X 1 0 ®
0 .166
23*0. 10.19872 tl -  2 . 6 6 ft 0 .1 6 7
23° C. 10 .19873 H -  2 . 6 6 tl -, ,0 .167
24 C. 10.19872 H -  2 . 6 6 11 - 0 .167
Mean v a lu e  z  - 0 .1 6 7  X 10
From the I n t e r n a t i o n a l  C r i t i c a l  T a b le s ,  the  mean 
v a lu e  a t  18 C. -  -  0 .1 8  % I 0 “®
5 8
Cadmie o x id e .  
T e m p e ra tu re . Weight P u l l .  Mass s u s c e p t i b i l i t y
X 10®
2 2  G . 6 . 7 8 1 7 8 grm. 2 . 7 3 mg. -  0 .241
22* C. 6 . 7 7 5 1 7 II 2 .7 4 f t -  0 .242
2 5 . 5 ' '  C. 6.77261 I t - 2 .7 2 f t -  0 .241
24*C. 6 .74663 M - 2 .65 If -  0 . 2 4 1
0
2 5  C. 6 . 7 4 4 6 0 tf - 2 . 6 6 1» -  0 . 2 4 2
Mean v a lu e  - -  0 . 2 4 1 X 1 0 * ^
Cadmia ox ide  was n o t  o b ta in e d  f r e e  from cadmium ca rb o n a te  
and was a c c o r d i n g l y  h e a t e d  in  vacuo a s  p r e v i o u s l y  d e s c r i b e d .  
A f t e r  c o o l i n g ,  i t s  s u s c e p t i b i l i t y  was measured  in  the  
ev a c u a te d  q u a r t z  tu b e .  The r e s u l t s  a g r e e d  w i th  those  o b ta in e d  
b e f o r e  h e a t é n g ,  showing t h a t  any ca rbon  d io x id e  which had 
been  removed had a n e g l i g i b l e  e f f e c t  on the  m ag n e t ic  
s u s c e p t i b i l i t y .  The r e s u l t s  o f  measurements  in  the e v a c u a te d  
tube were as  f o l l o w s : -  
Weight o f  tube -  15.28701 grm..
P u l l  r -  2#87 mg.
Volume o f  tube z  3.2X5 c c s .
C o n s tan t  -  0 .551
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T em p era tu re .  W eight .  P u l l  Mass s u s c e p t i b i l i t y
X  10®
89 C. 5 .65710  grm. -  2 .6 3  mg. -0 .2 4 0
2 8 °G. 5 .67302  " -  2 .6 7  " - 0 . 2 4 2
O
29 0. 5 .65698  " - 2 . 6 4 "  , - 0 . 2 4 1
Mean v a lu e  = -  0 .241  x i o ”®
The ox ide  was h e a t e d  i n  a p o r c e l a i n  b o a t  i n  an e l e c t r i c
c
f u r n a c e  a t  600 C f o r  some h o u r s ,  and the  m ag n e t ic  
s u s c e p t i b i l i t y  a g a in  m easu red ,  g i v i n g  the f o l lo w in g  r e s u l t s :
T e m p e ra tu r e , W eight .  P u l l .  Mass s u s c e p t i b i l i t y
6
X  10
29"" C. .4.11138 grm. -  I .57mg -  0 ,241
29° G. 4 . I I I 3 9  " -  1 .58  " -  0 .2 4 2
30° C. 4 ,12923  " -  1 .59  " -  0 .2 4 0 .
Mean v a lu e  = -  0 .2 4 1  x 10*^
Meyer^^ ( I . G . T . )  = -  0 .3 0  x 1 0 a t  15 G.
Since a l l  t h r e e  s e t s  o f  v a l u e s  f o r  the  m ag n e t ic  s u s c e p t i b i l i t y  
o f  cadmic oxide  a g r e e ,  i t  was conc luded  t h a t  the  cadmium 
ca rb o n a te  i s  i n  some way ad so rb e d  on the ox ide  and i s  
e x t re m e ly  d i f f i c u l t  to remove.
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Cadiîious oxide.
T e m p e ra tu r e . Weight.  P u l l .
X  10®
20° C. 4 .70336 grm -  0 . 6 6 rag. -  0 .0 8 3
21° C. 4 .77495 " -  0 . 6 8 tt - -  0 .0 8 4
20°. G. 4 . 8 I 5 2 I " -  0 .7 1 ff -  0 .086
2 2 ° G. 4 .8 4 2 I I " -  0 . 6 8 tt -  0 .0 8 4
2 0 °G. 4 .82656 " -  0 .7 0 ff -  0 .0 8 6
Mean v a lu e  s - 0 .085  X  10
During  the  p ack in g  of  the  s u s c e p t i b i l i t y  tube w i th  m a t e r i a l  
a l a y e r  of  cadmium was d e p o s i t e d  on the  w a l l s  o f  the  tu b e .  
T h e re fo re  i t  would a p p e a r  t h a t  the  v a lu e  o b ta in e d  h as  l i t t l e  
s i g n i f i c a n c e  ( see s e c t i o n  on the  cadmous compounds ) .
Cadmous h y d r o x i d e .
T e m p e ra tu r e . W eigh t . P u l l  Mass s u s c e p t i b i l i t y
X 10®
21° C. 4 . I 3 I 3 7  grra. -  0 .8 1  rag. -  0 . I I 8
20° C. 4 .12386 ” - 0 . 8 0  '* - 0 . I I 7
JO
22 C. 4.17535 " -  0 .8 2  " -  0 . I I 9
20° C. 4 .29392 " -  0 . 8 3  " -  0 . I I 7
—6Mean v a lue  = -  0 . I I 8  x 10
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In  t h i s  case  as  in  t h a t  o f  cadmous ox ide  a l a y e r  o f  cadmium 
was d e p o s i t e d  on the  w a l l s  o f  the  tube  and hence the  v a lu e  
o b ta in e d  can have l i t t l e  im por tance#  s in c e  the  m a t e r i a l  i s  
n o t  u n i fo rm ly  d i s t r i b u t e d  in  the  tu b e .
Cadmium h y d ro x id e .
T e m p e ra tu r e . . . e i g h t . P u l l .  Mass s u s c e p t i b i l i t y .
,6
X  1 0
0
26 C. 5 .64875 grm. -  2 .5 5  rag. -  0 .276
22° 0.  5 .6 2 4 3 3  " -  2 .5 3  '* - 0 . 2 7 5
2 3 °C. 5 .62034  " -  2 .5 4  " -  0 .276
2 2 ° G. 5 .65578  " - 2 . 5 6  " -  0 .2 7 7
Mean v a lu e  -  -  0 .276  x I 0 “®
Gadraium c a r b o n a t e .
A. G r y s t a l l i n e .
T em perabure . Weight.  P u l l .  Mass s u s c e p t i b i l i t y
X  10®
21 C. 10 .51733 grm. -  4 .40 mg. -  0 .270
19*0. 10.40047 n -  4 .4 7 !» -  0 .2 7 3
2 0  0 . 10.49622 tt -  4 .5 4 tf -  0 .2 7 3
2 0 . s'" C. 10.62127 tt -  4 .5 6 !» -  0 .2 7 2
20.5* G. 10.49618 tf -  4 .45 !» -  0 .270
Mean v a lu e  r  ~ 0 .272  x lo " ^
6 2
Cadmium ca rbo n a te .
B. Amorphous.
T em p e ra tu re . Weight.  Pu l l .  Mass s u s c e p t i b i l i t y .
22  C. 5 .82976 grm. -  2 .6 3 mg. -  0 .282
24°C. 5.83019 " -  2 .65 ft -  0 .279
22°G. 5 .83020  " -  2 .65 tt -  0 .279
23* G. 5.77736 " -  2 .61 tt -  0 .277
22*G. 5 .87087  " -  2 .6 7 tt -  0 .278
Mean valike s  “ 0 .279 X 1 0 ^
G a lc u l a t i o n of the  v a l u e s  of the  s u s c e p t i b i l i t y of pure
cadmic o x id e ,  cadmic hy d ro x id e  and cadmium c a r b o n a t e .
Making the  assum ption  t h a t  in  a m ix tu r e ,  the v a lu e  
of the mass s u s c e p t i b i l i t y  w i l l  be in  acco rdance  w i th  the 
m ix tu re  law -  the  v a lu e s  f o r  pure  cadmic ù x id e ,  cadmic 
hyd rox ide  and cadmium ca rb o n a te  were c a l c u l a t e d  as  fo l lo w s  
from the e x p e r im e n ta l  v a lu e s  of  the s l i g h t l y  impure p ro d u c ts*
Let  X be the s u s c e p t i b i l i t y  o f  pure  cadmium c a rb o n a te .
" y 2  " " cadmic h y d ro x id e .
" z " " " " " cadmic o x id e .
Specimen oonba in ing  S 4 .I8 j i  ddCOg has  s u s c e p t i b i l i t y  - 0 . ^ 7 2
15.82% OdtOElg
84.I0%GÛ(ûH)g
15.90% GdCOg " " -  -  0.2 76
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Specimen c o n t a in i n g  h a s  s u s c e p t i b i l i t y  -  -  0 .241
6.37% CdCOg
Then L 0 .272  = 8 4 .18  % + 15 .82  y   (%)
1 0 0  1 0 0
-  0 .276  -  ®4^I0 y + 15 .90  X ------ ( 2 )
100  100
-  0 .241  -  9 5 .6 5  g + _ j f ^ y  .........( 3 )
100 100 
Prom e q u a t i o n s  ( I ) and ( 2)
-  27 .20  x 15 .90  s  8 4 .18  X 15 .90  X + 15 .82  x 1 5 .9 0  y
-  27.60 x 8 4 .1 8  -  1 5 .90x  8 4 .1 8  X + 84 .10  * 8 4 .1 8  y
Hence - 2 7 . 6 0 ^ 8 4 . 1 8  -  27 .20x15 .90  = y ( I 5 .82x15.90 -  8 4 .1 0 x 8 4 .1 8 )  
2323.40 -  432.49 -  ( 2 51 .54  Z 7079.70  ) y
-  1890.91 :  y
6828,16
-  0 .277  s y
S u s c e p t i b i l i t y  o f  Impure cadmic h y d ro x id e  -  -  0 .276  x 10"® 
________ "_________ " pure  "_________ "_______ s  - .0 .2 7 7  x I 0 ~®
S u b s t i t u t i n g  f o r  y in  -  27 .20  ~ 84 .18x  4 I5 .8 2 y
Then -  27.20 -  8 4 .18  x 4 I5 .8 2 (  -  0 .2 7 7 )
-  27 .20  -  84 .I8X  -  4 .38
-  22 .82  _ ^
84 .18  
X = -  0.271
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S u s c e p t i b i l i t y  o f  impure cadmium c a rb o n a te  ^ _ q .2 7 3  x  10
" " p u re  " " -  -  0 .271  x I o “®
S u b s t i t u t i n g  f o r  y  in  -  2 4 .10  -  9 3 .5 3  z 4 6 .3 7  y
Then -  2 4 .10  ;  9 3 .6 3  z 4 6 .3 7 (  -  0 .2 7 7 )
-  2 4 .10  :  9 3 .6 3  z -  1 .7 6
-  2 2 .3 3  = z
9 3 .6 3  
z s “ 0 . 2  39
S u s c e p t i b i l i t y  o f  impure cadmic ox id e  t  -  0 .2 4 1  x 10
" " p u re  " " :  -  0 .239  x lo " ^
c o n s e q u e n t ly  i f  w i l l  be seen  t h a t  th e  d i f f e r e n c e  between  
the  v a l u e s  f o r  the  pu re  and the  impure m a t e r i a l s  l i e s  
i n s i d e  the  p r o b a b le  e r r o r  o f  m easurem en t .
Cadmium s u l p h i d e .
T e m p e ra tu r e . W eight .  P u l l .  Mass s u s c e p t i b i l i t y .
X  10®
23 C. 5 .04080 grm. -  2 .8 0 mg - .0 .3 4 2
24° C. $.j00356 tl -  2 .7 8 rt -  0 .3 4 2
25*0. 5 .0 7 2 0 4 tt -  2 .8 2 tt -  0 .3 4 3
24* C. 5 .0 6 1 3 3 tt -  2 .8 1 ft -  0 .3 4 2
24° C. 5 .09287 -  2 .8 4 tt -  0 .3 4 4
Mean v a lu e  r  -  0 .3 4 3  x I 0 “®
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T e m p e ra tu r e . W eight . P u l l , Mass s u s c e p t i b i l i t y
X 1 0 ®
so"" C. 8 .61307  grm. -  3 .90  mg. 0 .2 8 4
26*0. 8 .61809  " -  3 .90 0 .2 8 4
26*0. 8 .33287  " -  3 .77 ft 0 .2 8 4
26*0. 8 .29530 " -  3 .7 8 n - 0 .285
27*0. 8 .2 9 5 3 3  " -  3 .79 tr 0 .286
Mean v a lu e  -  -  0 .2 8 4  x 1 0 ^
Oadmium s u l p h a t e  OdSO , .HoO
2 2 .5 * 0 . 10.89241 grm. -  5 . 8 4  mg. ». 0 .3 4 1
24*0. 10.83320 " -  5 .7 5 tt 0 .339
22* 0 . 10.87000 " -  5 .8 2 ti 0 .3 4 1
2 3 .5 * 0 . 10 .96866 " -  5 .9 1 ti 0 .3 4 1
2 2 *0 . 10 .87448 " -  5 .8 3 n - 0 .3 4 2
Mean v a lu e  s -  0 .3 4 1  %: 10
Oadmiurn s u l p h a t e  30dS0^.8H^0
2 1 * 0 . 8 .55198  grm. -  5 .0 4 mg. - 0 .3 7 4
22* 0 . 8 .54222  " 5 . 0 3 M 0 .3 7 4
23*0. 8 .5 9 2 5 4  " -  5 .0 5 II 0 .3 7 3
20* 0 . 2 .99745  " -  1 .7 7 « 0 .3 7 3
2 2 * 0 . 2 .99767  " -  1 .7 8 II 0 .375
Mean v a lu e  s •  0 .5 7 4  % IQ“0
6 6
Cadmium f l u o r i d e .
T em p e ra tu re .  W eight .  P u l l .  Mags s u s c e p t i b i l i t y .
X 10®
32 C. 5 .4 8 0 7 4  grm. -  2 . 4 4  mg. -  0 .2 7 1
33° 0.  5 .4 8 0 8 3  " -  2 .4 2  " - - 0 . 2 6 9
O
29 C. 5 .4 7 9 9 4  " -  2 .4 3  " -  0 .2 7 0
3 0°C. 5 .49728  " - 2 . 4 6  " - 0 . 2 7 2
-6Mean v a lu e  % -  0 .2 7 0  x 10
Anhydrous cadmium c h l o r i d e  GdCl 2
23 G. 3.31405 grm. -  1 .9 4  mg. - 0 . 3 7 2
2 4  G. 3.19286 tt -  1 .89  ” - 0 . 3 7 6
2 4 *  C . 3.30259 fi -  1 . 9 5  " - 0 .375
0
2 4  G. 9 . 7 0 3 6 5 tt -  5 .7 2  " 0 . 3 7 6
2 2 * G . 9 .7 0 2 1 4 tt -  5 . 6 8  " 0 .3 7 4
Mean v a l u e  -  - 0 .375  X 1 0 - 6
Meyer 41 0 .3 2  X
- 6
10 a t  18 G.
Cadmium c h l o r i d e  GdGlr
2 4 °  G, 7  .  4 4 6 6 9 grm. -  4 .9 9  rag. 0 . 4 2 6
25* G . 7.60555 -  5 .1 5  " - 0 . 4 3 0
2 4 *  G. 7 . 5 2 7 3 8 tt -  5 .0 6  " - 0 . 4 2 7
2 3 *  G. 7.50915 ft -  5 . 0 5  " mm 0 .4 2 7
2 4  G . 7 . 5 5 6 1 2 tt -  5 .1 0 0 .429
Mean v a lu e  -  - 0 .4 2 8  X 10
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Cadmium sub-  c h lo r id e .
T em p e ra tu re .  W eigh t . P u l l .  Mass s u s c e p t i b i l i t y .
X  10®
29 C. 10.63559 grm. -  5 .9 7 mg. - 0 .3 5 8
29*0. 10.94931 ti -  6 .0 8 tt - 0 .355
32*0. 10.63562 tt -  5 .9 9 It - 0 .359
20*0. 3 .55534 It -  1 .9 9 II r 0 .3 5 6
21* G. 3 .55533 It " 2^00 tt 0 .3 5 7
Mean v a lu e  s  -  0 . 357 x
-6
10
Cadmium b r o m id e .
25*0. 12 .09878 grm. -  6 .0 5 mg. 0 .3 2 0
23° C, 12.17935 tt -  6 .1 2 It
4
0 .3 2 1
23° C. 12 .29998 tt -  6 .1 5 tt 0.319
23° G. 12.35039 It -  6 .1 8 tt 0 .3 2 0
25° C, 12.46817 It -  6 .19 tt 0 .3 1 8
24° 0. 12.46430
Mean v a lu e  z  -
It
0 .3 2 0  X




Meyer^^ s - 0 .  08 X 10 "® a t ' 18 G.
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Cadmium iod ide .
T em p e ra tu re . W eiah t . P u l l . Mass s u s o e p t i l
- 6X  10
22° C. 14.7X063 grm. -  7 .3 5 mg. -  0 .3 2 1
24° G. 14.37412 tt ~ 7 .1 7 tt -  0 .320
2 3 ° G . 14.16085 tt -  7 . 0 4 tt -  0 .319
2 2 * 0 . 14.10779 tt -  7 .0 2 tt -  0 .3 2 0
2 2 *  G. 13.70057 ft -  6 .7 8 ft -  0 .3 1 8
-6Mean v a lu e  z  •  0 .3 2 0  x  10
Meyer^^ :  -  0 .3 2  x lo"® a t  18 C.
Anhydrous cadmium n i t r a t e . Od(HOg)g
2 5 ° C. 6 .82105  grm. -  2 ,5 9  mg. -  0 .2 3 3
25° C. 6 .82104  " -  2 .6 0  '* -  0 .2 3 4
26° G. 6 .82098  " -  2 .5 8  " -  0 ,2 3 2
O
24 G. 6 .82098  " -  2 .5 9  " -  0 .2 3 3
Mean v a lu e  = -  0 .2 3 3  x 10 
Cadmium n i t r a t e  Cd{N0^)g.4Hg0
2 1 ° G. 7 .0 1 8 9 8  grm. -  4 .1 3  mg. -  0 .371
22° G. 7 .2 8 9 9 2  " - 4 . 3 0  " - 0 . 3 7 2
22  G. 7 .3 7 9 5 4  " -  4 .35  " -  0 .3 7 2
2 2 “ G. 7 .32147  " -  4 .3 1  " - 0 . 3 7 0
Mean v a lu e  -  -  0 .3 7 1  x 1 0 - 6
69
Cadmium o r th o p h o sp h a te C d , ( P O j „
T e m p e ra tu r e .
tt 6
W eight .  P u l l . Mass s u s c e p t i b i l i t y .
X  10®
2 4 " C. 6 .30738 grm. -  3 .07 mg. -  0 .3 0 2
26* C. 6 .27902 " -  3 .05 tt - -  0 .  301
2 7 " C. 6 .33972 " -  3 .09 n -  0 .3 0 2
23*0. 6 .70476 " -  3 ,2 6 tt -  0 .3 0 2
25* G. 6 .6 3 8 4 3 " -  3 .2 3 tt -  0 .3 0 3
Mean v a lu e  -  ~ -60 .3 0 2  X  10
Cadmium o x a l a t e .  GdC^.0,
■ 4
24.5°G . 4 .34667 grm. -  1 ,9 2 mg. -  0 .2 6 4
22 .0  G. 4 .37493 " -  1 ,9 4 tt -  0 .2 6 3
2 5 .0 * 0 . 4.41296 " -  1 ,9 6 tt -  0 .265
25.0* G. 4 .44404 " -  1 .9 8 tt -  0 .265
23.0* G. 4.42128 " -  1 .97 tt -  0 .2 6 6
Mean v a lu e  = -  0 .265  x 10"®
Cadmium f o r m a t e .  CdCgH20^.2HgO
22°C. 7 .22364  grm. -3 .8 5  mg. -  0 .3 3 4
25 °0 .  7 .36921  " - 3 . 9 5  " -  0 .336
2 2 °0 .  7 .3 4 7 4 3  " -  3 .9 3  " -  0 .3 3 5
23° C. 7 .23760  " -  3 .89  " - 0 . 3 3 6
23°G. 7 .2 8 4 0 4  " -  3 .91  " -  0 .3 3 7
Mean v a lu e  -  -  0 .3 3 6  x 10"®
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Cadmium a c e t a t e .  Cd(CmH_0_
T em p e ra tu re ,  W eight .
2
P u l l ,  Mass s u s c e p t i b i l i t y .
X  1 0 ®
26°C. 4 .77498  grm. -  2 .8 0 mg. -  0 .3 6 2
27°C. 4 .77494  " -  2 .8 2 it -  0 .3 6 4
28° G, 4 .75643  " -  2 .80 II -  0 .3 6 3
29° 0 .  4 .77049 " -  2 .8 1 tt -  0 .3 6 4
31°G. 4 .80484  " -  2 .8 2 n -  0 .3 6 2
Mean a a i u e  -  -  0 .3 6 3 X 1 0 -®
Anhydrous cadmium m a lo n a te . CdCtünO
30°C. I . 95158 grm.
-  <5 4
-  0 .9 6 mg. -  0 .309
30°a .  1 .99858  " -  I.OO tt -  0 .3 0 7
31°C. 1 .97409 " -  0 .9 9 11 -  0 .3 0 8
30° G. 1 .96824  " -  0 .9 8 tt — 0.306
32° G. 1 .98464  " -  0 .9 9 tt -  0 .3 0 8
Mean v a lu e  i  -  0 .3 0 7 X
-6
1 0
Cadmium m a lo n a te  CdC„H^O, .H,
-  I . I 3
5 CÎ 4
22*C. 2 .10808  grm. mg. -  0*332
23° G. 2 .08465  " -  I . I I tt -  0 .330
24 G. 2 .09685 " -  I . I 2 it -  0 .331
23° G. 2 .07276  " -  I . I I tt -  0 .331
24° G. 2 . 0 7 I I 3  " -  I . I I tt -  0 .3 3 2
Mean v a lu e  r  -  0 .331 X 10-^
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^  o o
T e m p e ra tu r e . Weight . P u l l . Mass s u s c e p t i b i l i t y .  
X  10®
2 2 . 0 ° G. 4 .59047 grm. -  3 .06 mg. -  0 .4X3
20.5° C. 5 .15668  " -  3 .4 3 tt -  0.4X3
21.0° C. 4 .99490 " -  3 .3 3 n -  0.4X5
22.  OC. 5 . I 7 I 4 I  " -  3 .42 t! -  0.4XX
1 9 . 5 ° C. 5 . I I 6 2 3  " -  3 .4 2 tt -  0.4X3
Mean v a lu e  z  ~ 0 .4 1 3  x 1 0 ^
Cadmium b e n z o a te  Cd(C 0 H_). .2H 0
7 2 a % 2
T em p e ra tu re . W eight . P u l l , t Mass s u s c e p t i b i l i t y .
24° C. I . 64212 grm. -  1 .2 5 mg. -  0 .475
23° C. 1 .64832  " -  1 .25 tt -  0 .4 7 7
24° C. 1 .65947 " -  1 .2 7 tt -  0 .477
25° C. 1 .65388  " -  1 .26 tt -  0 .475
28° C. 1 .65423  " •- 1 .2 7 H -  0 .4 7 8
O
27 G. 1 .66849 " -  1 .2 7 tt -  0 .475




Cadmium a n i l i n e  Iod ide .  2(G^H^N) t  Gdig
T e m p e ra tu r e .
20 G. 
21* G. 
20* 6 . 
20* G.
W eight .
1 .96770 grm. 
1 .96208  "
1.96470 "
1.99586 "
P u l l .  Mass s u s c e p t i b i l i t y .
6
X 10
-  I . 34 mg.
-  1 .35
-  1 .3 4  "
-  1 .35  "
Mean v a lu e  -  -  0 .4 2 6  x 10 -6
-  0 .426  
, -  0 .4 2 8
-  0 .429
-  0 .4 2 3
I t  i s  r a t h e r  rem a rk a b le  t h a t  the  above r e s u l t s  a r e  so 
c o n s i s t e n t ,  s i n c e  the  m a t e r i a l  t e n d s  to  decompose on 
ex p o s u re  to  l i g h t .
Cadmium d e r i v a t i v e  of  8 -  h y d r o x y -  q u i n o l i n e .  Cd(GgHg0N)g.2H^0






0 .98561  grm. 
•1.03666 "
1 .04035 "
1 .02626  "
P u l l .
-  0 . 8 4  mg. 
0 . 8 8  **
-  0 .8 9  "
-  0 .8 7  "
Mass s u s c e p t i b i l i t y , 
% 10®
-  0 .5 1 7
-  0 .517
-  0 .521
-  0 .5 1 6
Mean v a lu e  -  -  0 .5 1 8  x 10
—6
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Cadmium hydrazonium  s u l p h a t e .  GdSO (N_H ) SO ------------- :--------------------  c- 4  2 5 2 4
T e m p e ra tu r e . W eight . P u l l .  Mass s u s c e p t i b i l i t y .
X 10®
21* G. 1 . 87145 grm. -  I . I I mg. 0 .3 6 7
22* G. 1.87379 tt -  I . I I tt
t,
mm 0 .3 6 7
21* G. 1 .86357 II -  I . I O tt 0 .3 6 5
21* G. 1 .75862 tt -  1 .05 tt 0 .3 6 8
22*0. 1 .73656 
Mean v a lu e  -  -
tt
0 .3 6 7  X




Cadmium i o d a t e .  Gd(IC
o 2
20*0. 3.32019 grm. -  1 .2 4 mg. 0 .2 3 3
21 0 . 3.27848 tt :  1 .2 4 tt 0 .2 3 5
23*0. 3 .27846 tt -  1 .2 3 tt 0 .2 3 4
22*0. 3 .39  446 tt -  1 .27 tt 0 .2 3 3
20* 0. 3 .42323 tt -  1 .30 tt 0 .2 3 6
20* 0. 3 .46503  
Mean v a lu e
ft
^ 0 .235
-  1 .3 2
X  lO"*
tt 0 .2 3 6
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Cadmium b o r o f l u o r l d e .  Cd(BP.)  .7H 0-------------------------------------------------------  4  2  2
T e m p e ra tu r e . W e igh t .  P u l l . Maas a u a c e p b i b l l i t y ,
6X 10
2 I°C ,  1 .90889  grm. -  1 .2 0  rag. -  0 .3 9 0
20° C. 1 .90296  " -  I . I 9  ’’ - 0 . 3 8 8
21° C. 1 .90587  " -  1 .2 0  ” 0 .3 9 0
21° C. 1 .80849  " 1 . 13 " -  0 .3 8 7
-6
Mean v a l u e  -  -  0 .3 8 9  x 10
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CALCULATION OF ATOMIC SUSCEPTIBILITY OP CADMIUM.
The a to m ic  s u s c e p t i b i l i t y  o f  cadmium was c a l c u l a t e d  
from the  m a g n e t i c  s u s c e p t i b i l i t y  o f  a l a r g e  number of  
cadmium compounds. In  the  f o l l o w i n g  t a b l e
-  khe m easured  s u s c e p t i b i l i t y  p e r .  g ram .
Z " " " " " m o le c u l e .
S r  the  c o r r e c t i o n  f o r  th e  d ia m a g n e t i sm  of  the
atoms o r  g ro u p s  a t t a c h e d  to the  cadmium atom.
B i s  c a l c u l a t e d  from th e  c o n s t a n t s  g iv e n  i n  th e  I n t e r n a t i o n a l  
C r i t i c a l  T a b le s  V I ,  p . 365, and S to n e r  "Magnetism and Atomic 
S t r u c t u r e " ,  p . 122. The a to m ic  s u s c e p t i b i l i t y  o f  cadmium
• A
i s  o b t a i n e d  by s u b t r a c t i n g  S from ")C^.
The mass s u s c e p t i b i l i t y  o f  cadmium p e r  gram atom i s  
n e g a t i v e  a s  would be e x p e c t e d  from the  f a c t  t h a t  cadmium 
( a to m ic  number g 48 ) h a s  a c l o s e d  c o n f i g u r a t i o n .  The 
a to m ic  s t r u c t u r e  i s  a s  f o l l o w s : -  ( 2 ) ,  ( 8 ) ,  ( 2 ;  2 , 4 ;  4 , 6 ; ) ,  
( 2 ) .  I f  t h i s  had n o t  b een  the  c a s e ,  and the  a to m ic  
s u s c e p t i b i l i t y  were p o s i t i v e ,  th e n  th e  m a g n e t i c  moment ^  
m ig h t  have b een  c a l c u l a t e d  from yu * 2 . 8 ^ ^ T  , b u t  cadmium 
h a s  no m a g n e t i c  moment, and t h i s  f o rm u la  a p p l i e s  o n ly  to  
p a r a m a g n e t i c s .  The mean v a l u e  o f f r o m  27 compounds was 
found  to be -  -  2 5 .1  x I0 ~  .
The mean sq u a re  o f  the  r a d i u s  o f  the  cadmium atom 
was c a l c u l a t e d  from ^  -  -  2 .8 5  x i J ^ r ^  where r ^  ig
(X
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th e  mean s q u a re  r a d i u s  o f  th e  e l e c t r o n  o r b i t ,  and N i s  
the  n u c l e a r  c h a rg e .  Using  ^ a s  d e t e r m in e d  from th e  o b se rv e d
  /  ^ Q
2v a l u e s ,  r  was fou n d  to  be (0 .4 2 7  x 10 ) .
T h is  i s  i n  g e n e r a l  ag ree m en t  a s  r e g a r d s  o r d e r  of  
m ag n i tu d e  w i t h  th e  v a lu e  e x p e c t e d  by com par ison  w i th  o t h e r  
a to m s ,  b u t  i t  can n o t  be c o n s i d e r e d  a b s o l u t e  s i n c e  in  the  
e q u a t i o n ,  random o r i e n t a t i o n  i s  a s sum ed .  A f u r t h e r  knowledge 
o f  the  o r b i t s  o f  cadmium would be r e q u i r e d  in  o r d e r  to  
i n t r o d u c e  R e f in e m e n ts  i n t o  the  c a l c u l a t i o n  and so o b t a i n  
the  t r u e  v a l u e  f o r  the  a to m ic  r a d i u s .
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C a l c u l a t i o n  o f th e  a to m ic s u s c e p t i b i l i t y  of cadmium.
S u b s ta n c e . Temp. I C x  10 c 6  b X 10 ~X-R xIO^
Cd 23*C. -  0 .1 6 7 -  1 0 .77 0 . 0 0 -  18 .77
CdO 23° C. -  0 .239 -  30 .70 -  4 .6 1 -  26 .09
Cd(OH)g 23° C. -  0 .2 7 7 -  40 .60 -1 5 .3 0 -  25 .30
GdCO_o 20° C. -  0 .2 7 1 -  46 .72 -2 2 . 2 0 -  24 ,52
CdS 24° C. -  0 .3 4 3 -  4 9 ,5 7 -1 5 .6 0 -  3 3 .9 3
CdSO^ 27* C. -  0 .2 8 4 -  5 9 .2 3 -3 3 .6 0 -  2 5 .6 0
CdSO^.HgO 23° C. -  0 .3 4 1 -  7 7 .2 5 - 4 6 .6 0 -  30.65
SOdSO^.BHgO 22° C. -  0 .3 7 4 -  9 5 .9 4 - 6 8 .6 0 -  2 7 .4 3
CdClg 23°C. -  0 .375 -  6 8 .7 4 -4 0 .0 0 -  2 8 .7 4
CdClg.H^O 24° C. -  0 .4 2 8 -  8 6 . 1 0 ^53.00 -  33 .10
Cd^Cl? 26° G. -  0 .3 5 7 -2 4 9 .3 0 -1 4 0 .0 0
-1 0 9 .3 0  
4
- 2 7 .3 0
CdBrg 24 C. -  0 .3 2 0 -  8 7 .1 0 -6 2 .0 0 -  2 5 .1 0
Cdl
2
23° G. -  0 .3 2 0 -1 1 7 .2 0 -9 0 .0 0 -  2 7 .2 0
CdPg
o
31 C. -  0 .2 7 0 -  4 0 .61 -1 2 .6 0 -  2 8 . 0 1
CdfNOgig 25° C. -  0 .2 3 3 -  5 5 .1 0 -2 8 .4 0 -  2 6 .7 0
Cd{N0jj)2.4Hg0 22° C. -  0 .3 7 1 -1 1 4 .5 0 -8 0 .4 0 -34 .10
®‘^ 3<P04>2 25° 0. -  0 .3 0 2 -1 5 9 .2 0 -7 0 .8 0
-  8 8 .4 0
3
-  29 .40
CdCg0 4 24 G. -  0 .2 6 5 -  5 3 .1 3 -2 8 .5 0 -  24.63
23* C. -  0 .3 3 6 -  8 0 .9 0 -6 0 .6 0 -  20 .30
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S u b s ta n c e . Temp.
^ . b 
% x  1 0
6
X 10 o  5 % X 10 ^ A X  10
2 0 * 0 . - 0 .4 1 3 119 .90 -  9 3 .1 0 - 2 6 .8 0
30* C. - 0 .3 0 7 5 8 .5 0 -  4 0 .8 3 1 7 .7 0
23*0. mm 0 .3 3 1 6 8 .9 8 -  5 3 .8 3 15.15
0 a ( 0 ,H jO j )  .EHjO 25 C. mm 0 .4 7 6 184.90 -1 6 2 .8 0 2 2 . 1 0
28*0. 0 .3 6 3 8 3 .6 6 -  6 0 .0 0 - 23 .66
2(C H^K)+ Gdig 2 2 ° 0 . 0 .4 2 6 236 .00 - 2 2 2 . 2 0 - 13 .80
Od80^(NgEg)g80^ 23* 0 . 0 .3 6 7 1 35 .90 -12 0 .8 0 - 15 .10
CdfCgHgONig.BHgO 2 1 * 0 . 0 .5 1 8 2 26 .10 -218 .00 8 . 1 0
OdtBP^ig.VHgO 2 2 * 0 . 0 .3 8 9 160.50 -1 5 6 .3 4 4 .16
Cd(10^)2 2 2 *0 . 0 .2 3 5 - 108 .40 -101.92 6.48
Mean v a l u e  o f  a to m ic  s u s c e p t i b i l i t y  o f
2.6cadmium -  -  2 5 .1 0  x 10
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DISCUSSION OP RESULTS.
From the  p r e c e d i n g  t a b l e ,  i t  can be s e en  t h a t  the  
a to m ic  s u s c e p t i b i l i t y  v a lu e  f o r  cadmium i s  f a i r l y  c o n s i s t e n t  
t h r o u g h o u t  th e  compounds i n v e s t i g a t e d .  V a r i a t i o n s  a r e  
e x p e c t e d ,  p a r t l y  b e c a u se  a s l i g h t  e r r o r  i n  m easurement o f  
mass s u s c e p t i b i l i t y  ^  i s  m a g n i f i e d  i n  th e  c a l c u l a t i o n  of"}C^, 
and a l s o  i n  view o f  the  f a c t  t h a t  the  v a l u e s  f o r  a to m ic  and 
a to m ic  group  s u s c e p t i b i l i t i e s  a r e  i n c o n s i s t e n t ,  and i n  many 
Cases somewhat u n c e r t a i n ,  v a r y in g  a lm o s t  5 0 ^  i n  the  case  o f  
the  f l u o r i d e  i o n .
T ak ing  a  mean o f  27 r e s u l t s  f o r  the  a to m ic
- 6s u s c e p t i b i l i t y  the  v a lu e  works o u t  a t  -  25 .10  x 10  . T h is
r e s u l t  o i s  h i g h e r  th a n  t h a t  quo ted  by S to n e r  ( "Magnetism
and Atomic S t r u c t u r e "  p . 265) f rom th e  r e s u l t s  o f  Honda
43 -6 and Owen which  i s  -  20 ,20  x 10 . I t  i s  i n t e r e s t i n g  to
n o te  t h a t  the  a to m ic  s u s c e p t i b i l i t y  o b t a i n e d  from  the
m easurement o f  th e  mass s u s c e p t i b i l i t y  o f  the  m e t a l  i t s e l f
i s  -  1 8 ,77  X 1 0 -  com parab le  w i t h  th e  r e s u l t  found  by
Honda and Owen.
The a to m ic  s u s c e p t i b i l i t y  a t t r i b u t e d  to  Honda and 
Owen i s  c l e a r l y  a mean v a l u e ,  c a l c u l a t e d  from th e  f i g u r e s  
" ) C r  -  0 .1 6 9  X lO"® (Honda) and ~)<1 r  -  0 .1 7 9  x lO"® (Owen) 
o b t a i n e d  f o r  the  m e t a l  i t s e l f .  The v a l u e  f o r  th e  mass 
s u s c e p t i b i l i t y  o f  cadmium i n  th e  p r e s e n t  work i s  -  0 .1 6 7  x 10 
which  can be r e g a r d e d  a s  i d e n t i c a l  w i t h  H o n d a 's  f i g u r e .
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The a to m ic  s u s c e p t i b i l i t y  c a l c u l a t e d  from the  mass 
s u s c e p t i b i l i t y  o f  th e  m e t a l  i t s e l f  i s  t h e r e f o r e  p r a c t i c a l l y  
the  same a s  t h a t  o f  p r e v i o u s  i n v e s t i g a t o r s  b u t  d e f i n i t e l y  
d i v e r g e n t  f rom t h a t  c a l c u l a t e d  from th e  m o l e c u l a r  
s u s c e p t i b i l i t i e s  o f  compounds. I t  may be i n f e r r e d  t h e r e f o r e ,  
i n  ag reem en t  w i th  c o n c l u s i o n s  r e a c h e d  from e l e c t r o c o n d u c t i v i t y  
e l e c t r o p o t e n t i a l  and o t h e r  q u a n t i t i e s ,  t h a t  cadmic compounds 
a r e  to  v a r y i n g  d e g r e e s  com plex,  t h a t  i s  th e y  have n o t  a s  • 
a r u l e  f o rm u la e  o f  the  s im p le  type  CdXg. S ince  from 
m easurem en ts  o t h e r  th a n  th o se  o f  m a g n e t i c  s u s c e p t i b i l i t y  
the  c o m p le x i ty  i s  e s t a b l i s h e d ,  one can r e a d i l y  u n d e r s t a n d  
the  wide v a r i a t i o n  i n  th e  v a l u e  o f  the  a to m ic  s u s c e p t i b i l i t y  
o f  cadmium a s  c a l c u l a t e d  from th e  m o l e c u l a r  s u s c e p t i b i l i t i e s  
o f  i t s  compounds. The m a g n e t i c  e f f e c t s  due to  c o n s t i t u t i o n a l  
p e c u l i a r i t i e s ,  w i l l ,  s i n c e  th e y  a r e  unknown and c o n s e q u e n t ly  
n o t  t a k e n  i n t o  a c c o u n t  i n  th e  c a l c u l a t i o n ,  have a c u m u la t iv e  
e f f e c t  on the  v a lu e  o f  the  a to m ic  s u s c e p t i b i l i t y  o f  cadmium.
In  the  case  o f  cadmium i o d a t e  and th e  h i t h e r t o  
u n p r e p a r e d  cadmium b o r o f l u o r i d e , th e  a to m ic  s u s c e p t i b i l i t y  
i s  v e ry  s m a l l  compared w i th  t h e , v a lu e  o b t a i n e d  from o t h e r  
compounds. These r e s u l t s  have n o t  been  i n c l u d e d  i n  th e  
s e r i e s  f o r  the  c a l c u l a t i o n  o f  Such anomalous v a l u e s  
may be due to an e r r o r  i n  S , o r  due to  p e c u l i a r i t i e s  in  
the  c o n s t i t u t i o n  o f  th e  compounds from  w h ich  th e  v a l u e s  o f
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the  m o l e c u l a r  s u s c e p t i b i l i t y  a r e  d educed .  V a lues  f o r  the
i o d a t e  and b o r o f l u o r i d e  io n s  a r e  n o t  to  be found  in  th e
l i t e r a t u r e  so a t e n t a t i v e  v a l u e  was c a l c u l a t e d  from the
known a to m ic  s u s c e p t i b i l i t i e s  o f  i o d i n e  and oxygen.  T h is
p ro c e e d u re  i s  q u e s t i o n a b l e  a s  the  s u s c e p t i b i l i t i e s  may n o t
be s t r i c t l y  a d d i t i v e  in  th e  s im ple  m anner  assumed c o n s i d e r i n g
t h a t  in  b o t h  io n s  t h e r e  i s  a c o o r d i n a t e  l i n k .  In  the  case
44o f  th e  c h l o r a t e  i o n ,  th e  v a l u e  -  26 .0  i s  g iv e n  by Sugden
and t h i s  does  n o t  a g r e e  w i th  th e  a d d i t i v e  r e s u l t  o f  -  30 .95
c a l c u l a t e d  i n  the  abôve m anner .  The low r e s u l t s  f o r  the
a to m ic  s u s c e p t i b i l i t y  o f  cadmium c a l c u l a t e d  f rom th e  i o d a t e
and b o r o f l u o r i d e  must be r e g a r d e d  a s  due e n t i r e l y  to  the
e f f e c t  o f  th e  a n i o n .
A f u r t h e r  a t t e m p t  to c a l c u l a t e  th e  " a to m ic "
s u s c e p t i b i l i t y  o f  the  i o d a t e  io n  was made a s  f o l l o w s ; -
Assuming t h a t  the  i o d a t e  io n  h a s  the  same c o n s t i t u t i o n  as
the  c h l o r a t e  i o n ,  th e  c o n s t i t u t i o n a l  e f f e c t  in  the  c h l o r a t e
io n  was o b t a i n e d  by s u b t r a c t i n g  the  sum o f  th e  a to m ic
s u s c e p t i b i l i t i e s  o f  c h l o r i n e  and oxygen from the  v a lu e  of
44th e  c h l o r a t e  i o n ,  -  2 6 . 0 ,  employed by Sugden
i . e .  - 2 6 .0  ^  ( -  2 0 .7 5  t  3. - 3 . 4  ) - 4 . 9 5
Adding t h i s  f i g u r e  to the  sum o f  th e  a to m ic  s u s c e p t i b i l i t i e s
o f  i o d i n e  and oxygen m igh t  c o n c e i v e l y  g iv e  th e  v a lu e  of  
the  i o d a t e  i o n .
4 .95  ( -  45 .7  + 3 -  3 . 4  ) :  -  5 0 .96
8 2
ëôThe m o l e c u l a r  s u s c e p t i b i l i t y  o f  cadmium i o d a t e  i s  -  1 0 8 .4  x 10 
so t h a t  the  a to m ic  s u s c e p t i b i l i t y  o f  cadmium i s  g iv e n  by 
s u b t r a c t i n g  from  t h i s  v a l u e  t h a t  o f  t h e  i o d a t e  io n  
10 8 ,4 0  -  ( -  5 0 .9 6 )  2 -  -  6 . 4 8
S ince  t h i s  v a l u e  i s  lo w ,  i t  a p p e a r s  t h a t  th e  method o f  
c a l c u l a t i o n  i s  n o t  to  be j u s t i f i e d  and t h e r e  must  be a 
d i f f e r e n c e  i n  th e  n a t u r e  o f  th e  i o d a t e  and c h l o r a t e  i o n s .
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GADMOUS COMPOUNDS AND THE SUB -  COMPOUNDS OF CADMIUI\1,
S e v e r a l  a c c o u n t s  o f  th e  p r e p a r a t i o n  o f  cadmous 
compounds and  s u b -  compounds o f  cadmium a r e  c o n t a i n e d  in  the  
l i t e r a t u r e  o f  th e  l a s t  f o r t y  y e a r s .  Morse and J o n e s ^ ^  
p r e p a r e d  th e  s u b s t a n c e s  Cd^Cl^,  Cd^Br^ and Gd^-glg^, by 
f u s i n g  th e  a n h y d ro u s  h a l i d e  w i t h  e x c e s s  cadmium. The s u b ­
c h l o r i d e  th e y  c o n s i d e r  to  be a  m i x t u r e  o f  one m o le c u le  o f  
cadmous c h l o r i d e  w i t h  t h r e e  m o l e c u l e s  o f  cadmic c h l o r i d e .  
M e l l o r ,  w i t h o u t  b f f e r i n g  any e v i d e n c e ,  c o n s i d e r s  t h e s e  
s u b s t a n c e s  to  be s o l i d  s o l u t i o n s  o f  cadmium i n  th e  
c o r r e s p o n d i n g  h a l i d e .
I t  i s  c l a im e d  t h a t  t h e  s u b -  h a l i d e s  when t r e a t e d  w i t h
w a t e r  f o r  a l o n g  t ime g i v e  cadmous h y d r o x i d e ,  w h ich  on
I I
d e h y d r a t i o n  fo rm s  y e l l o w  cadmous o x i d e ,  Cd^O. T a n a t a r  h a s
p r e p a r e d  a g r e e n  s u b -  o x id e  Cd^O, by h e a t i n g  cadmium o x a l a t e
a t  300* C. i n  a  s t r e a m  o f  c a rb o n  d i o x i d e  f r e e d  f rom o x ygen ,
45
w h i l s t  T a n a t a r  and  b e v i n  by a s i m i l a r  t r e a t m e n t  o f  th e
46b a s i c  o x a l a t e  o b t a i n e d  cadmous o x i d e .  G l a s e r  c l a im s  to
have  p r e p a r e d  a s u b -  o x id e  o f  u n s t a t e d  c o m p o s i t i o n  by the
r e d u c t i o n  o f  cadmic o x id e  w i t h  h y d ro g e n  a t  240 ,  and 
47B r i s l e e  h a s  shown t h a t  th e  t im e -  r e d u c t i o n  cu rv e  o f  
cadmic o x id e  a t  300° w i t h  ca rb o n  monoxide h a s  a  d i s t i n c t
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b r e a k  a t  a p o i n t  c o r r e s p o n d i n g  to  cadmous o x i d e .
TP
Denham h a s  r e p e a t e d  th e  above v;ork and found  t h a t  
cadmous o x id e  can be o b t a i n e d  i n  s m a l l  q u a n t i t i e s  by the  
m e thods  o f  Morse and Jo n e s  and o f  T a n a t a r .  In  th e  c a se  o f  
T a n a t a r * s  m e th o d ,  th e  f i r s t  p r o d u c t  Gd^O was found  by 
Denham to  be h e t e r o g e n e o u s  and to  c o n t a i n  g l o b u l e s  o f  
cadmium, b u t  when the  e x c e s s  m e t a l  was removed by 
d i s t i l l a t i o n ,  a  g r e e n  homogeneous mass was o b t a i n e d  which  
no l o n g e r  showed th e  p r e s e n c e  o f  f r e e  m e t a l  and a n a l y s e d  
to  th e  f o r m u l a  Gd^O. The y i e l d  o f  cadmous o x i d e ,  a c c o r d i n g  
to  Denham, was n e v e r  more th a n  4^ o f  th e  p r i g i n a l  o x a l a t e .
He h a s  found  t h a t  th e  m e thods  o f  G l a s e r  and B r i s l e e  g i v e  
a  s u b s t a n c e  c o n t a i n i n g  f r e e  m e t a l , a n d  on a t t e m p t i n g  to  
remove t h i s  by d i s t i l l a t i o n ,  cadmic o x id e  r e m a in e d .
Gadmium s u b -  c h l o r i d e .
T h i s  s u b s t a n c e ,  p r e p a r e d  a s  d e s c r i b e d  by Morse and 
J o n e s^ ^  ( s ee  p .  23 ) ,  was fo u n d  on a n a l y s i s  to  have  th e  
e m p i r i c a l  f o rm u l a  Gd^Gl^ a s  s t a t e d  by them. I t  had  a g r e y i s h  
c o l o u r ,  and was r e m i n i s c e n t  o f  t a l c  i n  a p p e a r a n c e  and 
c l e a v a g e ,  and i n  many r e s p e c t s  r e s e m b le d  th e  s u b s t a n c e  
d e s c r i b e d  by them. When ru b b e d  i n  a  m o r t a r ,  h o w e v e r ,  
m e t a l l i c  s t r e a k s  a p p e a r e d  on th e  w a l l s ,  a l t h o u g h  th e  
s u b s t a n c e  seemed to  be homogeneous when examined  by the
85
u n a i d e d  e y e .  When exam ined  u n d e r  a m ic ro s c o p e  h o w e v e r ,
s m a l l  c r y s t a l l i n e  m e t a l l i c  p a r t i c l e s  were v i s i b l e .  T ha t
48f r e e  m e t a l  was p r e s e n t  was a l s o  n o te d  by von A ten
The f i n e l y  powdered  s u b -  c h l o r i d e  was p a ck ed  i n t o
a s u s c e p t i b i l i t y  tube  and d u r i n g  th e  p a c k i n g  i t  was fou n d
t h a t  o n ly  a v e r y  s l i g h t  s t r e a k  o f  m e t a l  was d e p o s i t e d  on
th e  t u b e .  The m a g n e t i c  s u s c e p t i b i l i t y  was th e n  d e t e r m in e d
s e v e r a l  t im e s  ( see  p . 67 ) and a  mean v a l u e  f o u n d .  O th e r
sam ples  o f  m a t e r i a l ,  p r e p a r e d  a t  d i f f e r e n t  t i m e s ,  wore
ta k e n  and th e  s u s c e p t i b i l i t y  m e a s u r e d .  The mean v a l u e  o f
a l l  t h e s e  m e a s u r e m e n t s ,  which  d i d  n o t  v a r y  by more th a n
•*6I  p e r  c e n t ,  was fo u n d  to  be -  0 .3 5 7  x  10
A g r a p h  was made on which  m a g n e t i c  s u s c e p t i b i l i t y  
v a l u e s  were p l o t t e d  a g a i n s t  p e r c e n t a g e  c o m p o s i t i o n  o f  
m i x t u r e s  o f  cadmium and cadmic c h l o r i d e ,  on th e  a s s u m p t io n  
t h a t  th e  M ix tu re  Law h o l d s .  Prom th e  e q u a t i o n  
Cd + 7  CdClg r  2 Cd^Cl^
th e  p e r c e n t a g e  o f  f r e e  cadmium i n  th e  a l l e g e d  s u b -  c h l o r i d e
Cd Cl , a s su m in g  t h i s  to  be a s o l i d  s o l u t i o n  o f  cadmium in  
4 7
cadmic c h l o r i d e ,  i s  8 . 0 5 ^ .  Prom th e  a b o v e ,  and f rom  th e
-6g r a p h ,  th e  s u s c e p t i b i l i t y  o f  Cd^ci^, would be -  0 .3 5 8  x 10 .
The m e a su red  m a g n e t i c  s u s c e p t i b i l i t y  o f  th e  m a t e r i a l  
—6-  0 .3 5 7  X  10 t h e r e f o r e  l i e s  on th e  s t r a i g h t  l i n e  j o i n i n g
-vrvt A. o r e s
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cadmium and cadmic c h l o r i d e  on th e  g r a p h ,  and i m p l i e s  t h a t  
t h e  a s s u m p t io n  t h a t  cadmium s u b -  c h l o r i d e  i s  a  m i x t u r e ,  
p o s s i b l y  a  s o l i d  s o l u t i o n ,  o f  one m o le c u l e  o f  cadmium and 
se v e n  m o l e c u l e s  o f  cadmic c h l o r i d e ,  i s  j u s t i f i e d .
Chem ica l  i n v e s t i g a t i o n .
To c o n f i r m  th e  p r e s e n c e  o f  f r e e  cadmium, th e  
s u b -  c h l o r i d e  was powdered  and  ru b b e d  i n  a  m o r t a r  w i t h  p u r e  
d i s t i l l e d  m e rc u ry .  The g l o b u l e  o f  m e t a l  was f r e e d  f rom  
a l l  t r a c e s  o f  s u b -  c h l o r i d e  a d h e r i n g  to  i t ,  and h e a t e d  
i n  a  h a r d  g l a s s  tu b e  u n t i l  t h e  m e rc u ry  had  d i s t i l l e d  o f f ,
A brown powder was l e f t  on th e  s i d e s  o f  the  t u b e ,  and t h i s  
was d i s s o l v e d  i n  a  l i t t l e  d i l u t e  h y d r o c h l o r i c  a c i d  and th e  
s o l u t i o n  n e a r l y  n e u t r a l i s e d  w i t h  ammonium h y d r o x i d e .
Hydrogen s u l p h i d e  was p a s s e d  i n t o  t h e  s o l u t i o n ,  and a  
h ea v y  y e l l o w  p r e c i p i t a t e  was o b t a i n e d ,  w h ich  p ro v e d  to  be 
cadmium s u l p h i d e .  T h e r e f o r e  th e  a l l e g e d  cadmium s u b -  c h l o r i d e  
m ust  c o n t a i n  f r e e  m e t a l l i c  cadmium.
A q u a n t i t a t i v e  e s t i m a t i o n  o f  f r e e  cadmium i n  th e  
s u b -  c h l o r i d e  was c a r r i e d  o u t  a s  f o l l o w s : -  
A w e ighed  q u a n t i t y  o f  t h e  s u b s t a n c e  was t r e a t e d  on a 
s i n è e r e d  g l a s s  c r u c i b l e  w i t h  c o l d  a b s o l u t e  a l c o h o l .  S in ce  
cadmic c h l o r i d e  d i s s o l v e s  i n  a b s o l u t e  a l c o h o l ,  t h e  s u b s t a n c e  
was washed u n t i l  t h e  f i l t r a t e  was f r e e  f rom  c h l o r i d e .  The 
c r u c i b l e  and i t s  c o n t e n t s  were d r l é â  a t  1 2 0  and  w eighed
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when c o l d .  The r e s i d u e  in  th e  c r u c i b l e  c o n s i s t e d  o f  m in u te  
m e t a l  p a r t i c l e s .  The r e s u l t s  were a s  f o l l o w s : -
Weight o f  s u b -  c h l o r i d e  -  1 .5 2 5 6  grm.
" " r e s i d u e  % 0 ,1 2 4 2  "
% o f  f r e e  cadmium -  8 . 1 4  ^
% o f  f r e e  cadmium c a l c u l a t e d  f rom  th e  e q u a t i o n  
Cd + 7 GdClg r  2 Gd^Gl^ 
i s  8 .0 5  %
T h e r e f o r e  Gd^Gl^ i s  a  m ix t u r e  o f  Gd + 7 GdGl^.
The p r o p e r t i e s  o f  a m i x t u r e  a r e  a d d i t i v e  so t h a t ,  r e v e r t i n g  
to  th e  s u s c e p t i b i l i t y  o f  th e  s u b -  c h l o r i d e ,  we have d e f i n i t e  
p r o o f  t h a t  th e  m a t e r i a l  i s  a m i x t u r e  o f  cadmic c h l o r i d e
and cadmium in  th e  p r o p o r t i o n s  91.95/c to  8 .05/^.
48A.Yii. von A ten  , by a  s tu d y  o f  th e  f u s i o n  c u r v e s  
f o r  the  m i x t u r e  cadmium- cadmic c h l o r i d e ,  h a s  fo u n d  t h a t  
th e  s o l u b i l i t y  o f  cadmium i n  cadmic c h l o r i d e  i n c r e a s e s
49w i t h  i n c r e a s e  in  t e m p e r a t u r e .  L b w e n s te in  and von Hevesy 
have  c o n f i rm e d  t h e s e  r e s u l t s  and f i n d  t h a t  0 .1 8  m ol .  o f  
cadmium d i s s o l v e s  i n  I  m ol .  o f  cadmic c h l o r i d e  a t  6 0 0 ,  
w h e rea s  a t  6 5 5 ^ th e  s o l u b i l i t y  h a s  i n c r e a s e d  to  0 .1 9 5  m ol .  
o f  cadmium p e r  m o l .  o f  cadmic c h l o r i d e .  They have  fo u n d  
t h a t  no cadmous c h l o r i d e  a s  a  s o l i d  p h a s e  s e p a r a t e d ,  
a l t h o u g h  su c h  a compound may e x i s t  i n  s o l u t i o n .  On c o o l i n g  
th e  f u s e d  m a s s ,  t h e s e  w o rk e rs  f i n d  t h a t  s m a l l  m e t a l  p a r t i c l e s  
s e p a r a t e  o u t ,  th e  s i z e  o f  th e  p a r t i c l e s  d e p e n d in g  on th e
8 8
r a t e  o f  c o o l i n g .  Assimilng a l i n e a r  r e l a t i o n  be tw een  
s o l u b i l i t y  o f  cadmium i n  cadmic c h l o r i d e  and t e m p e r a t u r e ,  
i t  i s  fo u n d  t h a t  a t  th e  t e m p e r a t u r e  o f  th e  e x p e r i m e n t  f o r  
th e  p r e p a r a t i o n  o f  th e  s u b -  c h l o r i d e  i . e  a b o u t  550 th e  
s o l u b i l i t y  i s  0 .1 5 8  m o l .  o f  cadmium p e r  m ol .  o f  cadmic 
c h l o r i d e .  Hence th e  se v en  m o is ,  o f  cadmic c h l o r i d e  which  
th e  e q u a t i o n
Cd + 7 CdClg = 2 Cd^Gl^,
r e q u i r e s ,  would d i s s o l v e  I . 106 m o i s ,  o f  cadmium. T h is  may 
be t a k e n  a s  s u f f i c i e n t l y  c l o s e  to  th e  r e q u i r e m e n t s  o f  th e  
c o n c l u s i o n  t h a t  th e  s u b -  c h l o r i d e  i s  a  m i x t u r e  and a s o l i d  
s o l u t i o n  o f  cadmium i n  s e v e n  m o le c u l e s  o f  cadmic c h l o r i d e ,  
c o n s i d e r i n g  t h a t  th e  e x a c t  t e m p e r a t u r e  o f  the  e x p e r im e n t  
was unknown, b u t  i t  would o b v i o u s l y  be  l o w e r  th a n  th e  
m e l t i n g  p o i n t  o f  cadmic c h l o r i d e  ( 568 ) s i n c e  th e  p r e s e n c e  
o f  a d i s s o l v e d  s u b s t a n c e  lo w e r s  th e  m e l t i n g  p o i n t  o f  a 
s o l v e n t ,  and th e  t e m p e r a t u r e  was a d j u s t e d  so t h a t  th e  c o n t e n t s  
o f  th e  tube  were j u s t  l i q u i d .
A compound o f  th e  n a t u r e  o f  a s u b -  c h l o r i d e  may e x i s t  i n  
th e  l i q u i d  s t a t e ,  b u t  i t  h a s  no e x i s t e n c e  i n  th e  s o l i d  s t a t e .  
From th e  a b o v e ,  i t  would a p p e a r  t h a t  Cd^Cl^ i s  a  s o l u t i o n  
o f  Cd i n  CdClg i n  th e  p r o p o r t i o n  o f  I  m ol .  to  7 m o is .
Morse and Jones^ '^  f i n d  t h a t  when cadraium s u b -  c h l o r i d e  
i s  t r e a t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  h y d ro g e n  i s  g i v e n  
o f f  i n  th e  volume c o r r e s p o n d i n g  to  t h a t  r e q u i r e d  f o r  the
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f o r m u l a  Gd^Gl^. The same volume would a l s o  be e v o l v e d  by 
a s i m i l a r  t r e a t m e n t  i f  t h i s  s u b s t a n c e  i s  a  m i x t u r e  o f  cadmrum 
and cadmic c h l o r i d e  a s  can be seen  f rom  th e  f o l l o w i n g  
e q u a t i o n s : -
2 Gd^Gly + 2 HGl -  8  GdGlg +
Gd 4" 7 GdGlg + 2 HGl -  8  GdGlg + H^
Gd f  7 GdGlg r  2 Gd^Gl^
I t  a p p e a r s  t h a t  th e  h y d ro g e n  i s  e v o l v e d  f rom  th e  f r e e
cadmium p r e s e n t ,  and n o t  b e c a u s e  o f  th e  r e d u c i n g  a c t i o n  o f
th e  s u b -  c h l o r i d e .
The a to m ic  s u s c e p t i b i l i t y  o f  cadmium i n  the  a l l e g e d  
s u b -  c h l o r i d e  i s  -  2 7 . 3  x  10  , th e  mean v a l u e  c a l c u l a t e d
from  th e  s e r i e s  o f  cadmium compounds i n v e s t i g a t e d  b e i n g  
-  2 5 .1  X  lO ”^ .  T h i s  shows t h a t  cadmium i s  p r e s e n t  i n  t h i s  
s u b s t a n c e  i n  the  d i v a l e n t  s t a t e .  Had i t  p o s s e s s e d  any o t h e r  
v a l e n c y ,  t h i s  f a c t  would be i n d i c a t e d  by a  d i v e r g e n c e  from  
th e  mean v a l u e  o f  much g r e a t e r  d im e n s io n .
The v iew s  o f  von A ten  and L o w e n s te in  and von Hevesy 
a r e  i n  a c c o r d a n c e  w i t h  th e  p r o o f  g i v e n  t h a t  th e  a l l e g e d  
s u b -  c h l o r i d e  i s  a m i x t u r e ,  p r o b a b l y  a s o l i d  s o l u t i o n ,  o f  
cadmium i n  cadmic c h l o r i d e  fo rm ed  by c o o l i n g  th e  f u s e d  
mass o f  cadmium and cadmic c h l o r i d e .
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Gadrnous h y d ro x id e .
Gadinoua h y d r o x id e  was p r e p a r e d  by f o l l o w i n g  th e  
method o f  Morse and J o n e s ^ ^ .  Powdered cadmium s u b -  c h l o r i d e  
was t r e a t e d  i n  a c o n i c a l  f l a s k  w i t h  c o l d  d i s t i l l e d  w a t e r  
and  a l lo w e d  to s t a n d ,  th e  m i x t u r e  b e i n g  shaken  v i g o r o u s l y  
s e v e r a l  t i m e s .  I t  was n o t i c e d  t h a t  l u s t r o u s  p a r t i c l e s  
a p p e a r e d  on w a s h in g ,  and a f t e r  a t im e  th é  mass assumed a 
more o r  l e s s  g r e y  h u e .  Morse and J o n e s  s t a t e  t h a t  th e  
l u s t r o u s  c r y s t a l s  f e l l  to  a g r e y  p o w d er ,  b u t  i t  seemed 
a p p a r e n t  to  u s  t h a t  th e  l u s t r e  was due to  m e t a l l i c  p a r t i c l e s  
from  which  th e  cadmic c h l o r i d e  had  b e e n  washed by w a t e r .
The m i x t u r e  i n  th e  f l a s k  was t r a n s f e r r e d  to  a s i n t e r e d  
g l a s s  f u n n e l  and th e  w ash ing  c o n t i n u e d  f o r  s e v e r a l  weeks 
u n t i l  th e  f i l t r a t e  was e n t i r e l y  f r e e  f rom  t r a c e s  o f  
c h l o r i d e .  In  o r d e r  to  p r e v e n t  d u s t  p a r t i c l e s  f rom  
c o n t a m i n a t i n g  th e  r e s i d u e ,  a s t o p p e r  f i t t e d  w i t h  a  tube  
p ac k ed  w i t h  c o t t o n  wool was f i x e d  i n  th e  top o f  th e  f i l t e r  
f u n n e l .  A g r e y  m e t a l l i c  d e p o s i t  s e t t l e d  a t  th e  b o t to m  
and a w h i t e  p o w d er ,  which  was p r o b a b l y  cadmic h y d r o x i d e ,  
was su sp e n d ed  a b o v e .  IVhen th e  w ash in g  p r o c e s s  was c o m p le t e ,  
th e  s u b s t a n c e  was d r i e d  o v e r  p h o s p h o ru s  p e n t o x i d e  i n  a 
d e s i c c a t o r .
Gadmic h y d r o x id e  i s  a weak b a s e ,  and i n  consequence  
i t  w i l l  g iv e  s a l t s  w h ich  a r e  h y d r o l y s e d  by w a t e r .  T h is
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i s  c o n f i rm e d  by th e  f a c t  t h a t  aq ueous  s o l u t i o n s  o f  cadmic 
c h l o r i d e  a r e  a c i d .  The p r o c e s s  o f  h y d r o l y s i s  w i l l  be a 
slow o n e ,  and t h i s  p r o b a b l y  e x p l a i n s  why su c h  p r o l o n g e d  
w ash ing  was n e c e s s a r y  i n  th e  p r e p a r a t i o n  o f  cadmous 
h y d r o x i d e .
The s u b s t a n c e  was powdered  by g r i n d i n g  i n  a m o r t a r  
when i t  was n o t i c e d  t h a t  a d e p o s i t  o f  m e t a l  was formed on 
th e  p e s t l e  and m o r t a r .  I t  a p p e a r e d  to  be a g r e y  homogeneous 
po w der ,  which  on a n a l y s i s  gave 8 8 .7 8  % o f  cadmium. The 
p e r c e n t a g e  o f  cadmium r e q u i r e d  f o r  GdOH i s  8 6 . 8  ^  and 
Morse and J o n e s  o b t a i n e d  8 6 .9 3  ^  o f  cadmium which  i s  in  
good a g ree m en t  w i t h  th e  t h e o r e t i c a l  v a l u e .
A sample  o f  th e  s u b s t a n c e  was u s e d  to  d e t e r m in e  
th e  m a g n e t i c  s u s c e p t i b i l i t y .  On p a c k i n g  th e  t u b e ,  a l a y e r  
o f  cadmium was d e p o s i t e d  on th e  s i d e s  o f  th e  tube  and on 
th e  p a c k in g  r o d .  D e t e r m i n a t i o n s  o f  th e  s u s c e p t i b i l i t y  were 
made b u t  r e s u l t s  were found  to  be i n c o n s i s t e n t ,  showing 
t h a t  th e  s u b s t a n c e  was n o t  hom ogeneous.  The m a t e r i a l  was 
p a r a m a g n e t i c ,  t h e  r e s u l t s  f rom d i f f e r e n t  p a c k i n g s  v a r y i n g  
f rom  X  = 0 .0 4 6  x  1 0 t o " X  -  0 .3 0 7  x I 0 " ° .  At t h i s
s t a g e  c o n t a m i n a t i o n  w i t h  a p a r a m a g n e t i c  s u b s t a n c e  was 
s u s p e c t e d ,  b u t  no t r a c e  o f  i r o n  c o u ld  be d e t e c t e d  w i t h  
t h i o g l y c o l l i c  a c i d ,  n o r  was any o t h e r  p a r a m a g n e t i c  s u b s t a n c e  
p r e s e n t .
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A n o th e r  p o r t i o n  o f  cadmous h y d r o x i d e ,  p r e p a r e d  from  
an e n t i r e l y  new sample o f  s u b -  c h l o r i d e ,  was t a k e n  and i t s  
m a g n e t i c  s u s c e p t i b i l i t y  d e t e r m i n e d .  A gain  th e  i n s i d e  o f  
th e  tube  became c o a t e d  w i th  m e t a l l i c  cadmium. In  t h i s  ca se  
th e  r e s u l t s  d i d  n o t  d i f f e r  by more th a n  2 % o v e r  d i f f e r e n t
_ V, —S
p a c k i n g s ,  th e  mean v a l u e  b e i n g  -  0 . I I 8  x 10
T h i s  sample o f  s u b s t a n c e  was a n a l y s e d  b e f o r e  p a c k in g  
th e  s u s c e p t i b i l i t y  tube  and a f t e r  d o in g  s o .  A mean o f  t h r e e  
d e t e r m i n a t i o n s  t a k e n  b e f o r e  p a c k i n g  gave  8 9 ,2 4 ^  o f  cadmium, 
w h i le  a f t e r  p a c k i n g ,  th e  mean r e s u l t  was 8 6 .1 6  showing 
t h a t  d u r i n g  th e  p a c k i n g  3 .0 8  % o f  cadmium had  b ee n  l o s t  
f rom  th e  s u b s t a n c e .  The c a l c u l a t e d  r e s u l t  f o r  CdOH i s  8 6 . Ô % 
o f  cadmium.
Chem ica l  i n v e s t i g a t i o n .
In  o r d e r  to d e t e r m in e  i f  any f r e e  cadmium was p r e s e n t  
i n  cadmous h y d r o x i d e ,  i t  was g round  up w i t h  p u r e  d i s t i l l e d  
m e rc u ry .  The m e t a l l i c  g l o b u l e  was f r e e d  from t r a c e s  o f  
a d h e r i n g  h y d r o x i d e ,  and h e a t e d  i n  a  h a r d  g l a s s  tube  u n t i l  
th e  m e rc u ry  had  d i s t i l l e d  o f f .  A brown powder was l e f t ,  
p r e su ia a b ly  cadmic o x i d e ;  t h i s  was d i s s o l v e d  i n  a  s m a l l  
q u a n t i t y  o f  d i l u t e  h y d r o c h l o r i c  a c i d  and a f t e r  a lm o s t  
n e u t r a l i s i n g  w i t h  ammonium h y d r o x i d e ,  h y d ro g en  s u l p h i d e  was 
p a s s e d  i n t o  th e  s o l u t i o n ,  A y e l lo w  p r e c i p i t a t e  o f  cadmium 
s u l p h i d e  was o b t a i n e d ,  p r o v i n g  t h a t  th e  a l l e g e d  cadmous
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hydroxide c o n ta in s  f r e e  cadmium.
An a t t e m p t  was made to  e s t i m a t e  th e  q u a n t i t y  o f  
f r e e  m e t a l  by t r e a t i n g  a w eighed  amount o f  the  h y d r o x id e  
w i t h  v e r y  d i l u t e  h y d r o c h l o r i c  a c i d  on a  s i n t e r e d  g l a s s  
c r u c i b l e ,  When th e  f i l t r a t e  was f r e e  f rom cadmium, the  
r e s i d u e  was washed w i t h  d i s t i l l e d  w a t e r  u n t i l  the  f i l t r a t e  
was e n t i r e l y  f r e e  f rom c h l o r i d e . A f t e r  d r y i n g  a t  120*^  and 
c o o l i n g ,  the  r e s i d u e  was w e ig h e d ,  g i v i n g  th e  f o l l o w i n g  
r e s u l t s :  -
Weight o f  cadmous h y d r o x id e  r  0 .3 1 2 4  grm.
" " r e s i d u e  s  0 .1 3 9 0  "
P e r c e n t a g e  o f  f r e e  cadmium -  4 4 . 4  %
F u r t h e r  t r e a t m e n t  o f  th e  r e s i d u e  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d  gave 4 2 .1  % o f  f r e e  cadmium, and t h i s  was the  l o w e s t  
v a l u e  o b t a i n a b l e .
From Cd + Cd(OH)^ -  2 CdOH
th e  p e r c e n t a g e  o f  f r e e  cadmium i s  43. 42 so t h a t  w i t h i n  
th e  l i m i t s  6 f  e x p e r i m e n t a l  e r r o r  and c o n s i d e r i n g  th e  n a t u r e  
o f  th e  t r e a t m e n t ,  t h e  r e s u l t s  i n d i c a t e  t h a t  f r e e  cadmium 
i s  c o n t a i n e d  i n  th e  a l l e g e d  cadmous h y d r o x i d e ,  and t h a t  
th e  l a t t e r  i s  a m i x t u r e  o f  cadmium and cadmic h y d r o x id e  
a c c o r d i n g  to  th e  above e q u a t i o n .
I t  was found  t h a t  th e  c o m p o s i t i o n  o f  cadmous h y d ro x id e  
was v a r i a b l e  and t h a t  i t  c o n t a i n e d  a h i g h e r  p e r c e n t a g e  o f  
t o t a l  cadmium th a n  t h a t  r e q u i r e d  f o r  CdOH ( 8 9 . 2 4 ^  a s
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a g a i n s t  8 6 ,8 0  fp ) ,  S in c e  t h i s  m a t e r i a l  i s  a  m i x t u r e  o f  
cadmium and cadmic h y d r o x i d e ,  i t  i s  p r o b a b l e  t h a t  d u r i n g  
th e  l o n g -  c o n t i n u e d  w ash ing  i n  th e  c o u r s e  o f  th e  p r e p a r a t i o n  
some o f  the  cadmium h y d r o x id e  may become d i s s o l v e d .  The 
s o l u b i l i t y  o f  t h i s  subs tam ce  i s  s l i g h t ,  0 .0 0 0 2 6  grm i n  1 0 0  grm 
o f  w a t e r  a t  25 '^ , b u t  s u f f i c i e n t  to  a f f e c t  th e  p e r c e n t a g e  
c o m p o s i t i o n  o f  the  f i n a l  p r o d u c t .
When a m i x t u r e  o f  th e  s u b -  c h l o r i d e  and w a te r  i s  
c e n t r i f u g e d ,  m e t a l  p a r t i c l e s  s e t t l e d  a t  th e  b o t to m  o f  th e  
tu b e  and th e  w h i t e  cadmic h y d r o x id e  was su sp e n d ed  i n  the  
l i q u i d  a b o v e .  By p o u r i n g  o f f  th e  top  l a y e r , and r e p e a t i n g  
th e  p r o c e s s  th e  m i x t u r e  was a l m o s t  c o m p l e t e l y  s e p a r a t e d  
i n t o  cadmium m e t a l  and cadmic h y d r o x i d e ,
Cadmous o x i d e .
A p o r t i o n  o f  th e  f i r s t  sample  o f  cadmous h y d r o x id e  
was c o n v e r t e d  to  th e  o x id e  by d e h y d r a t i n g  i n  a c u r r e n t  o f  
d ry  n i t r o g e n  a t  a  t e m p e ra à u re  n o t  g r e a t e r  th a n  300°. The 
m ethod i s  t h a t  u s e d  by Morse and  J o n e s ^ ^ .  At 260° th e
o
d e h y d r a t i o n  began  and was co m p le te  a t  2 8 0 .  The h e a t i n g  was 
c o n t i n u e d  f o r  a b o u t  an  h o u r  and th e  s u b s t a n c e  was a l lo w e d  
to  c o o l  i n  a  c u r r e n t  o f  n i t r o g e n .  W hile  h o t  th e  c o l o u r  o f  
th e  o x id e  was g r e e n i s h  b row n ,  b u t  on c o o l i n g ,  i t  assumed 
an o l i v e -  g r e e n  c o l o u r .
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The s u b s t a n c e  was a n a ly s e d  a f t e r  p a c k in g  the  
s u s c e p t i b i l i t y  t u b e ,  and found  to c o n t a i n  9 0 ,6 2  % o f  
cadmium. The t h e o r e t i c a l  p e r c e n t a g e  f o r  OdgO i s  93 .35  
the  low r e s u l t  b e in g  a t t r i b u t e d  to  the  f a c t  t h a t  some o f  
th e  m e ta l  was d e p o s i t e d  on the  w a l l s  o f  th e  tu b e .
D e t e r m i n a t i o n s  o f  the  m a g n e t i c  s u s c e p t i b i l i t y  were 
made, b u t  a s  i n  the  case  o f  the  c o r r e s p o n d in g  sample o f  
the  h y d r o x i d e ,  the  r e s u l t s  were i n c o n s i s t e n t  and v a r i e d  
f o r  d i f f e r e n t  p a c k in g s  from = 0 , 0 2 2  x 1 0 t o ^ C s  0 .137x10
p r o v i n g  t h a t  the  s u b s t a n c e  was n o t  homogeneous.
A p o r t i o n  o f  the  second sample o f  h y d ro x id e  was 
d e h y d r a t e d  a s  b e f o r e ,  r e s u l t i n g  i n  a b ro w n ish  y e l lo w  o x i d e .
The s u s c e p t i b i l i t y  o f  t h i s  was d e t e rm in e d  and r e s u l t s  v a r y i n g  
o v e r  n o t  more than  3 p e r  c e n t  gave a  mean v a lu e  of  
-  0 .0 8 5  X i o “®.
Chemical i n v e s t i g a t i o n .
The p r e s e n c e  o f  f r e e  cadmium in  cadmous o x ide  was 
shown by d i s s o l v i n g  i t  i n  m e rc u ry ,  and p r o c e e d in g  a s  w i th  
th e  o t h e r  compounds d e s c r i b e d .
An a t t e m p t  was made to  e s t i m a t e  th e  f r e e  cadmium in  
the  lo w er  o x ide  by a method s i m i l a r  to  t h a t  u se d  i n  the  
case  o f  cadmous h y d r o x id e .  The r e s u l t s  were a s  f o l l o w s ; -
96
Weight o f  cadmous o x id e  % 0 .9 9 9 0  grm.
" " r e s i d u e  (Gd) -  0 .4 5 6 2  "
P e r c e n t a g e  o f  f r e e  Cd % 4 6 ,0 4  ^
Prom th e  e q u a t i o n
Cd 4  CdO s  C d gO  
th e  p e r c e n t a g e  o f  f r e e  cadmium i s  4 6 .6 8  so w i t h i n  th e  
l i m i t a t i o n s  o f  th e  e x p e r i m e n t  t h e s e  r e s u l t s  can  be t a k e n  a s  
e v i d e n c e  f o r  th e  lo w e r  o x id e  c o n s i s t i n g  o f  a m i x t u r e  o f  
cadmium and cadmic o x i d e !  i n  m o l e c u l a r  p r o p o r t i o n s .
In  th e  p r e p a r a t i o n  o f  cadmous o x i d e ,  the  t e m p e r a t u r e  
a t  w h ich  w a t e r  b eg an  to  be g i v e n  o f f  was n o te d  a s  260^ and
o
t h e  d e h y d r a t i o n  was co m p le te  a t  280 .  The p r o c e s s  was r e p e a t e d  
u s i n g  cadmic h y d r o x i d e  u n d e r  e x a c t l y  s i m i l a r  c o n d i t i o n s .
The t e m p e r a t u r e s  a t  w h ich  d e h y d r a t i o n  b eg an  and was com ple te  
were th e  same a s  i n  th e  ca se  o f  t h e  lo w e r  h y d r o x i d e ,  showing 
t h a t  th e  c o n v e r s i o n  o f  th e  lo w e r  h y d r o x i d e  i n t o  th e  lo w e r  
o x id e  c o n s i s t e d  s o l e l y  o f  th e  d e h y d r a t i o n  o f  cadmic h y d r o x id e  
to  cadmic o x i d e .
When cadmous o x id e  was t r e a t e d  w i t h  w a t e r ,  i t  r e v e r t e d  
to  a m i x t u r e  o f  cadmic h y d r o x i d e  and f r e e  cadmium.
C d gO  + HgO r  Cd(OH)^ 4  Cd
Cadmium sub -  o x i d e ,
An a t t e m p t  was made to  r e p e a t  t h e  work o f  T a n a t a r
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and p r e p a r e  th e  s u b -  o x id e  Od^O. P u re  cadmium o x a l a t e  was 
h e a t e d  i n  a  c u r r e n t  o f  c a rb o n  d i o x i d e , f r e e d  f rom  oxygen by 
p a s s i n g  i t  t h r o u g h  a h e a t e d  c o p p e r  s p i r a l ,  a t  300° . A f t e r  
h e a t i n g  f o r  s e v e r a l  h o u r s  a  g r e e n i s h  g r e y  p r o d u c t  was 
o b t a i n e d .  I t  was n o t  u n i f o r m  and c o n t a i n e d  f r e e  m e t a l ;  on 
a n a l y s i s  i t  was fo u n d  to  v a r y  i n  c o m p o s i t i o n  f rom  sample 
to  sample and to  c o n t a i n  more cadmium th a n  th e  f o r m u l a  
r e q u i r e d .
F u r t h e r  e x p e r i m e n t s .
I t  was th o u g h t  t h a t  th e  f r i c t i o n  o f  th e  g l a s s  ro d  on 
th e  l a y e r  o f  cadmium i n  th e  s u s c e p t i b i l i t y  tu b e  when i t  was 
b e i n g  p ac k ed  w i t h  th e  lo w e r  h y d r o x i d e  and o x id e  m ig h t  
c a u se  i t  to  become e l e c t r i c a l l y  c h a r g e d .  The empty 
s u s c e p t i b i l i t y  tu b e  w i t h  th e  d e p o s i t  o f  cadmium on i t  was 
b r o u g h t  up to  a  g o ld  l e a f  e l e c t r o s c o p e  w h ich  had  b ee n  
c h a rg e d  n e g a t i v e l y .  The l e a v e s  g r a d u a l l y  c o l l a p s e d  showing 
t h a t  th e  tu b e  p o s s e s s e d  a  j g o s i t i v e  c h a r g e .  T h i s  was r e p e a t e d  
s e v e r a l  t im e s  and th e n  th e  tu b e  p a c k e d  w i t h  cadmous o x id e  
was b r o u g h t  n e a r  th e  c h a rg e d  e l e c t r o s c o p e .  Again  th e  l e a v e s  
c o l l a p s e d  showing t h a t  th e  tu b e  and  c o n t e n t s  had  a  p o s i t i v e  
c h a r g e .
I n  o r d e r  to  d e t e r m i n e  w h e th e r  t h i s  p o s i t i v e  c h a rg e  
h ad  any a p p r e c i a b l e  e f f e c t  on th e  m a g n e t i c  s u s c e p t i b i l i t y  
o f  th e  m a t e r i a l ,  t h e  tu b e  was p a c k e d ,  d i s c h a r g e d ,  and  th e
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s u s c e p t i b i l i t y  o f  th e  o x id e  m e a s u r e d .  I n  th e  ca se  o f  th e  
b r o w n i s h  y e l l o w  o x id e  i t  was fo u n d  t h a t  th e  d ia m a g n e t i s m  
i n c r e a s e d  a f t e r  d i s c h a r g i n g  th e  t u b e ,  th e  v a l u e  b e i n g  
r a i s e d  f r o m '^ C s  , -  0 .0 8 5  x 10*“^  to  -  - 0 . I I 3  x  10*^ .
The m e a su re m e n ts  were r e p e a t e d  w i t h  d i f f e r e n t  p a c k i n g s  
and s i m i l a r  i n c r e a s e s  i n  th e  v a l u e s  were o b t a i n e d .  The g r e e n  
o x id e  was t r e a t e d  s i m i l a r l y  and  th e  p o s i t i v e  s u s c e p t i b i l i t y  
r e d u c e d  by 50 p e r  c e n t .
From t h e s e  r e s u l t s  i t  can  be s e e n  t h a t  s u s c e p t i b i l i t y  
m e asu re m e n ts  a r e  u n r e l i a b l e  i n  th e  c a s e  o f  th e  l o w e r  o x id e  
and  h y d r o x i d e  b e c a u s e  o f  d e p o s i t i o n  o f  m e t a l  on th e  w a l l s  
o f  th e  t u b e .  I n  a d d i t i o n  to  th e  p o s i t i v e  f r i c t i o n a l  c h a r g e ,  
t h e r e  would be a d i f f e r e n c e  o f  p o t e n t i a l  b e tw e en  th e  l a y e r  
o f  m e t a l l i c  cadmium and th e  h y d r o x i d e  o r  o x id e  w hich  would 
a f f e c t  th e  m a g n e t i c  s u s c e p t i b i l i t y .  T h i s  would a lw a y s  be 
p r e s e n t  i n  t h e s e  two c a s e s  and c o u ld  n o t  be removed a s  
c o u l d  th e  f r i c t i o n a l  c h a r g e .
I n  s p i t e  o f  th e  f a c t  t h a t  s u s c e p t i b i l i t y  m e a su rem e n ts  
b r e a k  down i n  t h e s e  two c a s e s  t h e r e  i s  ample e v i d e n c e  to  
show t h a t  cadmous h y d r o x i d e  and o x id e  a r e  m i x t u r e s  o f  th e  
f r e e  m e t a l  and  th e  c o r r e s p o n d i n g  compound i n  w h ich  cadmium 
i s  d i v a l e n t .  The s u b -  c h l o r i d e  h a s  b e e n  shown d e f i n i t e l y  
to  be a m i x t u r e  o f  cadmium and cadmic c h l o r i d e ,  so t h a t  t h e r e  
i s  no e v i d e n c e  f o r  th e  e x i s t e n c e  o f  t h e  cadmous compounds 
o r  s u b -  compounds o f  cadmium.
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SUMMARY.
The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  may be summarised
th u s  : -
1 .  The mass  s u s c e p t i b i l i t i e s  o f  28 compounds o f  cadmium 
h ave  b ee n  d e t e r m i n e d ,  o f  w h ich  24 a r e  d e t e r m i n e d  f o r  
t h e  f i r s t  t im e .
2 .  Two h i t h e r t o  u n p r e p a r e d  compounds o f  cadmium h ave  been  
d e s c r i b e d ,  and t h e i r  s u s c e p t i b i l i t i e s  m e a s u r e d .
3.  The e x a c t  c o n d i t i o n s  f o r  th e  e l e c t r o l y t i c  e s t i m a t i o n  
o f  cadmium have  b e e n  e s t a b l i s h e d .
4 .  The a t o m ic  s u s c e p t i b i l i t y  o f  cadmium h a s  b ee n  c a l c u l a t e d .
5 .  The e x i s t e n c e  o f  t h e  s o -  c a l l e d  cadmous compounds h a s  
b ee n  d i s p r o v e d .
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